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INTRODUCTION

The inversion of transient soundings for a central 

induction loop system on a layered halfspace is provided by 

program NLSTCI. The numerical technique uses a general 

adaptive nonlinear least-squares algorithm originally 

developed by Dennis and others (1979), and extended 

externally for constrained nonlinear regression by Anderson 

(1982). The corresponding forward problem solution--also 

required in the inverse solution--is defined in Anderson 

(1981). The numerical integrations used in NLSTCI are by 

adaptive digital linear filtering as described in Anderson 

(1975) and Anderson (1979). Because digital convolution 

(filtering) methods are used, practical solutions for 

layered earth models are reasonably fast on most computers.

This report summarizes the general nonlinear least-squares 

(NLS) method used in Anderson (1982), but as applied to 

observed transient soundings obtained using a central 

induction loop system placed on an assumed horizontally 

layered earth model. In addition, the quasi-static case is 

assumed (i.e., .displacement currents are neglected). The 

system must use an "on-off" step current source of arbitrary 

current, where the transient decay voltage is measured 

during the off-time (i.e., after t>0 sec.). An arbitrary 

maximum of 10-layers (homogeneous and isotropic) may be 

used; however, with most present time-domain 

electromagnetic (TDEM) measurement systems, only a few 

layers are generally resolvable for the given time range.
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To avoid repeating the notation and other details of the 

forward problem solution in this report, the reader is 

referred to Anderson ( 1981 )--which has been updated from the 

original published version. Similarly, details on the NLS 

method may be found in Anderson (1982). The present report 

will provide a brief description of the calculations, 

specific program parameters, and the VAX operating 

instructions. Appendix 1 offers some suggestions in 

converting the VAX program to other computer systems; 

Appendix 2 lists a simple input/output test example (taken 

from a known forward solution model); and Appendix 3 gives 

a partial source listing (the complete source is available 

on the distributed tape, as described in Appendix 3).

SUMMARY OF CALCULATIONS

The NLS method described in Anderson (1982) requires a 

twice-continuously dif f erentiable nonlinear objective 

function F describing the model equation as a function of 

the unknown layer parameters (i.e., the conductivities and 

thicknesses of an MM-layered earth, MM>0). In this case, F 

is given by the transient V(t) defined in Anderson (1981, 

p. 5), as

r
.2 C \ 
-rr wL

V(t) » .2 C \ Re[Hzevb)/DC] cos(bT) db, (1) 
TT

where discrete observed values [V(t.),t;, 1*1,2,.  »N] are
U v

given. In some cases (e.g., data stacking), an associated 

standard deviation s« may also be known, and should be used
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for a weighted least-squares solution (see parameter IWT-1 

in Anderson, 1982, p. 14). Note that the constant C in 

eq.(l), and in Anderson (1981, p. 4), should be corrected to 

read: C-(nA) I/ [ <r; (at> + z*) 3''2 ]   see Anderson (1981, p. 4-5) 

for definitions of all symbols used.

Optionally, F .may be given in terms of converted apparent 

resistivity o a (see $INIT parameter IOPT-1 below) instead of 

voltage V(t) by equating the layered earth transient 

response to a halfspace response. In this case, the 

observed transient data [V(t),t] must be converted to

apparent resistivity data [ p^ t ) , t   ] by solving the 

following nonlinear equation (Raab and Fr ischknecht , 1982) 

for x at each i,

3 erf (x)-(3x+2x3 )2, exp(-xX )-2xi Tl V( t^ ) - 0, (2)

where Ol is assumed in eq.(l), T^»2t^ / ( u^o") a*" ) is

normalized time, and the units are V(volts/amp) , t: ( seconds ),

and p^( ohm-meters) . For each solution of root x at an

observed t : , the apparent resistivity is given by b

fa, ' (Po*1 )/^*1 )- (3)

When F is defined as in eq. (1) and IOPT-0 (default), then 

any convenient unit may be used for V (e.g., volts/amp, 

millivolts/amp, etc.), since the constant C in eq. (1) can 

be determined in the least-squares to account for a scale 

(or amplitude shift) factor times V(t).
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For either IOPT-0 or 1 cases, the independent time

variable t>0 must be given in seconds and in ascending

order, and is assumed to be known without error*

The unknown (nonlinear) model parameters are denoted by 

the vector B(J), and has the following assumed order: 

B(l),B(2),...,B(MM) are the MM-layer conductivities (in

mhos/m.), 

B(MM+l),B(MM+2),...,B(2*MM-1) are the MM-1 layer thicknesses

(in m,), and 

B(2*MM) is a transient scaling (or amplitude shift)

parameter depending on the form of F chosen via $INIT

parameter IOPT.

Thus, the discrete objective function F may be expressed 

for either IOPT-0 as

F - B(2*MM)

or for IOPT*1 as

F - B(2*MM)

(4)

where i*l,2,...,N and N>2*MM>>2 (KMMOO). Note that the 

IOPT-0 form of F has been normalized by the unknown B(l), so 

that B(2*MM) is a scaling constant free from B(l); the 

exact form of B(2*MM) can be determined, if desired, and is 

related to the constant C in eq. (1) above.

In terms of the NLS notation (Anderson, 1982, p.11-12), 

let X(I,l)-t^ and Y(I) be the observed F in eq. (4), then 

the observed data matrix is
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Since V(t) can range several decades in magnitude for

t <t<t kl , it is advised when IOPT-0 that a weighted I     N

least-squares option be used (see IWT-1 or 2, Anderson, 

1982, p.14-15), which requires the augumented data matrix

where X(I,2)«s^ is the standard deviation (IWT-l) of 

observation Y(I), or X(I,2) is the variance (IWT-2). Note

that if s* is unknown, one could use the statistical weight t»

(Bevington, 1969, p.108) of 1/Y(I) by setting X(I,2)-Y(I) 

and IWT9 2; in this case, this would be preferred over using 

unity weights (IWT«0). However when IOPT*1, IWT»0 can 

generally be used since the range of P^,(t) is usually much 

less than the range of V(t) in most cases.

The analytical partial derivative subprogram (PCODE) was 

not included in program NLSTCI, therefore the estimated 

derivative option (IDER»1) must be used, which requires only 

the forward problem solution subprogram (FCODE). See 

Appendix 3 listing of FCODE for the coding details, which 

follows the method described in Anderson (1981) for 

computing V(t), and as revised for computing p^Ct).

Because realizable layered earth models are sought to fit 

the given data, a constrained minimization type (SP»3 or 4) 

is advised, along with reasonable lower and higher parameter 

bound arrays, BL(J) and BH(J) respectively, where



Program NLSTCI Page 8 
VAX Documentation

BL(JXB(JXBH(J) , J-1,2,...,2*MM (see Anderson, 1982, p.17). 

This approach limits parameter space searching, and in some 

cases may avoid false starts (or catastrophic overflow 

conditions from poor estimates and data). In addition, 

individual parameters can be fixed in the least-squares 

using parameters IP and IB (Anderson, 1982, p. 13). In 

particular for the IOPT-1 case, one can usually fix 

B(2*MM)»1, provided the observed (converted) apparent 

resistivities are properly scaled. Similarly, for the 

IOPT-0 case, B(2*MM) can be fixed if the constant C in 

eq.(l) is known a priori. [Actually, if the system 

calibration is known, then the constant C can be determined; 

therefore B(2*MM) should be fixed to reduce the number of 

unknowns, and to reduce the possibility of finding an 

equivalent but highly improbable solution.] In any case, the 

user should attempt to give a reasonable starting guess 

vector B(J) corresponding to the given data matrix. It is 

advisable to begin with a few layers (e.g., MM*1 or 2) 

before trying models with more layers. For present IDEM 

equipment, generally only a few layers are all that can be 

resolved, due mainly to the small discrete time range 

t <t£t and noise level in observing V(t).

In general, one should not expect both IOPT-0 and 1 to 

yield the same exact solutions for a given data set--due 

mainly to data noise, discrete time-range given, scaling, 

and the use of different weighting options. For exact data 

(as in Appendix 2), both IOPT*0 and 1 produce nearly 

identical solution vectors; for noisy observed data, this
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is rarely true, although the earth models resolved by both 

cases should give approximately "equivalent layers" for good 

fitting cases (i.e., if small parameter errors and RMS 

error).

PARAMETERS, FILES AND DATA REQUIRED

All 3PARMS parameters (excluding the ISTOP-0 option), 

program files (FOR005-FOR016), and data ordering 

requirements used by NLSTCI are identical to those described 

in detail for subprogram NLSOL (Anderson, 1982, p.9-21), and 

therefore will not be repeated here. However, note that the 

ordering of the $PARMS estimated parameter vector B(J) used 

by NLSTCI must be given exactly as described above in 

eq. (4). The $INIT model parameters required by NLSTCI must 

be given after the object-time format statement on FOR005 

(see Anderson, 1982, p.10, item 5). Also see the EXAMPLE 

below and Appendix 2 for a typical data input.

$INIT PARAMETER DEFINITIONS

$INIT parameters (nondefault parameters must be given): 

MM» Number of layers in the model (KMM<_10; default 

MM»1 for a homogeneous half-space). Since NLSOL 

also requires the total number of parameters K, 

then make sure that K»2*MM is given in $PARMS also. 

(See the section ERROR MESSAGES below for a 

discussion on K*2*MM dual input requirement.) 

IOPT»0 (default) means that the data matrix
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(Y(I),X(I,1),]>1,N) is given with Y(I)»V(t) 

transient data, which may be unsealed and in any 

units as determined by B(2*MM) in the least-squares 

solution. X(I,l)»t£ must be given in second s and 

in ascending order for 1*1,2,...,N.

IOPT-1 means the data matrix (Y(I),X(I,1),1-1,N) is given 

with Y(I)«p^(t) apparent resistivity data (in 

ohm-m.). The shift parameter B(2*MM)»1 can be 

fixed via $PARMS IP,IB provided the apparent 

resistivity is known to be scaled correctly. 

X(I,l)**t« must be given in seconds and in ascending 

order for 1*1,2,...,N. When IOPT»1 is selected, 

then ISTEP=0 (see below) can only be used.

A* Radius (in m.) of transmitter circular loop, where 

A>0 must be given. [Note that a square loop of 

side L (m.) is considered equivalent to a circular 

loop of radius A (m«), where A^L/^f .]

Z 83 Tranmitter loop elevation (in m.) on or above the 

surface (default Z=0.0). Note that Z>0 specifies 

the source loop is Z meters above the surface, but 

that the central induction receiver coil is assumed 

to be placed on the surface. For most field 

applications, Z=0 is always used. [Z is included 

here only to maintain compatibility with the 

forward program solution (Anderson, 1981).]

ISTEP-0 (default) to compute the transient derivative 

response (TDR) sounding (Anderson, 1981), which 

corresponds to the time-derivative of Hz when the
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source uses a system step driving current (e.g., 

when using a vertical-axis coil at the loop 

projected center).

ISTEP-1 to compute the transient field response (TFR) 

sounding (Anderson, 1981), which corresponds to the 

integral over time of the TDR-sounding. The 

TFR-sounding (ISTEP*!) is generally used when 

transient (stacked) data is obtained using a SQUID 

or cryogenic magnetometer. Note that Z-0 must be 

used whenever ISTEP*!.

EPS* Requested convolution integration tolerance used to 

compute all Fourier and Hankel transforms by 

digital filtering (default EPS-0.IE-9).

BO*.01 (default) is the lower induction number for which 

the normalized Hz/DC frequency response approaches 

the limit 1.0 for B<BO. This assumption saves time 

by avoiding explicit response calculations for 

B<BO. BO must be given (or assumed .01 by default) 

as a power of 10**-n (n integer). The default 

value is usually adequate for most models; for 

more accuracy in the late-time transient, BCK.01 

can be used. [For accuracy reasons, B0>.01 should 

never be used.]

BM*100 (default) is the upper induction number for which 

the normalized Hz/DC frequency response approaches 

the limit 0.0 for B>BM. This assumption saves time 

by avoiding explicit response calculations for 

B>BM. BM must be given (or assumed 100 by default)
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as a power of 10**n (n integer). The default value 

is usually quite adequate for most models; for 

more accuracy in the early-time transient, BMMOO 

can be used  

NB=8 (default) represents the number of induction number 

points per decade (log-cycle) to evaluate the 

pre-splined frequency response function Hz(B)/DC. 

In general, 3£NBO1 is usually adequate for most 

applications (NB<3 is not recommended for accuracy 

reasons). If NB»0 (or NB>11) is specified, then a 

direct mode of evaluating the frequency function is 

used but as controlled by the outer time-integral 

via lagged convolution (i.e., the cosine filter 

using subroutine RLAGFO). Note that NB=0 (or 

NB>11) is more accurate, but much more 

time-consuming than using NB<12. [See the section 

COMPUTER TIMING CONSIDERATIONS for a further 

discussion on the use on NB.]

$END [end of $INIT parameters; the "END" in $END may be 

omitted, if desired.]

EXAMPLE OF INPUT PARAMETERS AND DATA ORDERING

EXAMPLE TITLE WITH OBJECT DATA ON FOR005 (IALT«5)
$PARMS N-20.M-1,K»4,IP«1,IB=4.
IDER-1,IPRT»-1, IALT»5,SP«3,IWT«1, NITER-5,
BL-2*.0001,10,.l, B-.l,.01,100, .1,
BH»2*10,1000,.1$
(3F10.0)
0.1 .0004 .18
0.03 .0008 .09
  <etc. for 18 more observations)*-  
$INIT MM* 2,A-100,NB-4,EPS-.1E-5$END

(See Appendix 2 for a complete input/output example.)
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COMPUTER TIMING CONSIDERATIONS

The computer CPU-time will vary mostly as a function of 

the given $INIT parameters MM,EPS,BO,BM,NB and $PARMS 

parameters N,NITER,IP,SP,IV,V, and B. Perhaps the 

parameters of greatest effect on CPU-time are how good the 

initial model estimates are given in array B(J), 

J»l,2,...,2*MM, with respect to the observed data matrix. 

Of course, the observed data matrix time-range and noise 

level can contribute further problems in resolving a given 

layered earth model for any MM in (1,10). In some cases, it 

may be necessary to fix certain parameters in B (via $FARMS 

IP,IB) that cannot be resolved and/or to control the initial 

theoretical transient curve behavior. Generally, it is best 

to begin with a small MM (say 2 or 3), and progressively 

increase MM until the RMS error cannot be further decreased. 

During this "initial model searching study", several $INIT 

parameters can be modified (relaxed) to significantly reduce 

the overall CPU-time, but with somewhat less accurate 

results (which may not be needed for initial runs). Some 

suggestions are provided in Table 1.

Table 1. Recommended $INIT parameters for NLSTCI

$INIT Default Faster CPU; Slower CPU; 
parameter value less accurate more accurate

EPS 0.1E-9 0.1E-5 0.IE-11
BO 0.01 0.01* 0.001
BM 100 10 1000
NB 8 2<NB<8 8<NB<12

* B0>0.01 should never be used 
(see Anderson, 1981, p. 25-41).
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For a final model run, the default values in Table 1 are 

generally sufficient for most field situations, with the 

exception that NB>8 may be used to reduce any noticeable 

nonsmoothness in the calculated transient. (Note that NB>11 

is not recommended for routine field work.)

Some $PARMS parameters used in the NLS algorithm can also 

be modified to reduce the total CPU-time when searching for 

an initial model. In particular, $PARMS NITER (Anderson, 

1982, p. 16) can be set small (e.g., 3 or 5) to force 

termination of a trial run after just a few iterations. 

This is reasonable, since it may not be necessary to obtain 

normal convergence of the iteration process for preliminary 

or intermediate models* Other $PARMS that control the NLS 

algorithm speed and accuracy can also be overridden from 

their default values (see Table 2 in Anderson, 1982, 

p. 20-21 for more details).

DATA MATRIX NOTES

The data matrix (defined following eq. (4)) is read under 

the object-time format statement, and is defined as the 

sequence of ordered rows:

where M*=M if IWT»0 (default), or M*=M+1 if IWT=1 or 2. In 

the above example, IWT*1 , M=l , and therefore three columns 

are required in the data matrix row, where in this case, the 

last column represents the standard deviation of observation
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SPECIAL OBJECT FORMAT PHRASES

If an existing data matrix file does not have the proper 

defined column ordering in the form (Y(I),X(I,J),J»l,M), 

then the FORTRAN "Tn" format phrase may be used to begin at 

any column n in the data record. For example, the format 

(T41,F10.0,T1,2F10.0) will select Y(I) using column 41-50 

and X(I,1) beginning at column 1. See any FORTRAN-77 coding 

manual for other allowable object (run) time format phrases 

(e.g., the G-format, use of "/" to skip records, etc.). 

Note that "tab"-characters must not be used when creating 

the data matrix file FOR010.

VAX OPERATING INSTRUCTIONS

In general, the basic steps described to run NLSOL 

(Anderson, 1982, p.22-24) can be followed to run NLSTCI 

either on-line or in batch mode. That is, the parameter and 

data matrix files may be associated with the logical names 

FOR005 and FOR010, respectively, using the VAX-DCL 

statements:

$ASSIGN parameterfilename FOR005

$ASSIGN datamatrixfilename FOR010

$RUN NLSTCI !(use $RUN [WANDERSON]NLSTCI on USGS VAX)

If the data matrix is included on FOR005 (i.e., using 

IALT»5), then the FOR010 assignment is not necessary.
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In addition, program NLSTCI has a useful "restart file" 

(called FOR005.TMP) that is automatically provided each time 

the program is executed. File FOR005.TMP contains a copy of 

all parameters on FOR005, plus the last solution B-vector 

obtained; note that $PARMS ISTOP-0 (Anderson, 1982, p.14) 

cannot be used because FOR005 is positioned at EOF in 

creating FOR005.TMP. If desired, one can easily continue 

(or restart) more iterations simply by using the DCL 

commands:

$ASSIGN FOR005.TMP FOR005

$RUN NLSTCI !(use $RUN [WANDERSON]NLSTCI on USGS VAX)

Note that FOR005.TMP may also be edited (using any VAX 

editor) for other parameter changes, if desired. Also, the 

reassignment of FOR005 using FOR005.TMP only needs to be 

done once for multiple continuation runs.

By default, the master print (disk) file is called 

FOR016.DAT, unless otherwise assigned. This file can be 

TYPEd or PRINTed on a line printer. Also, file FOR016 may 

be used as an input file to a plot routine; e.g., to plot 

the observed (OBS), calculated (CAL), and residual (RES) 

curves. If program NLSTCI is run on-line, then a shorter 

terminal print file on FOR006 contains some of the 

information as on FOR016, but as controlled by parameter 

IPRT (Anderson, .1982, p.15).



Program NLSTCI Page 17 
VAX Documentation

ERROR MESSAGES

Almost all $PARMS syntactical errors are flagged and 

printed on files FOR006 and FOR016 and the job is aborted 

(see Anderson, 1982, p.24). However, some cross-references 

(or dual inputs) are not checked; for example, the 

relationship K-2*MM is not double checked between $PARMS K 

and $INIT MM parameters. This is because a general-purpose 

nonlinear least-squares algorithm (NLSOL) is being used as a 

control program, but the model input is external to the 

particular nonlinear problem requirements (NLSTCI) read by 

subprogram SUBZ (see Anderson, 1982, p.38). Therefore, the 

user is responsible for providing exactly K parameter 

estimates in B(I),1=1,2,...,K (see eq. (4)), and that $INIT 

MM is such that K»2*MM (otherwise, unpredictable results 

could occur).

The message "{WARN}: NOISE IN CALC. TRANS DETECTED" can 

occur for certain model estimates in array B with respect to 

the given data matrix. This warning message actually means 

that the calculated transient voltage V/I cannot be computed 

accurately at late times using single-precision arithmetic 

(regardless of the values specified in $INIT parameters 

EPS,BO,BM, and NB). However, this condition is usually 

unimportant if the warning occurs near the beginning of the 

NLS iteration. For typical field data cases, and a moderate 

MM value and reasonable B estimates, one should not expect 

the warning message to appear near the end of the NLS 

iterations for a converging model solution.
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PRINTED OUTPUT

All input parameters are output on files FOR006 and 

FOR016, with the $INIT parameters given first, followed by 

all $PARMS parameters given or assumed by default. (Refer 

to Appendix 2 for a complete sample output listing.)

Specific names (e.g., IT, NF, ...) used by NLSOL in the 

output listings are tabulated in Anderson (1982, p.25-26). 

Program NLSTCI provides a summary listing of the final 

solution vector B, along with accumulated layer thicknesses 

listed under the DEPTH column (see the end of the listing 

example in Appendix 2). The RESISTIVITY column is simply 

1/SIGMA, where SIGMA is the layer conductivity (in mhos/m.)«
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Appendix 1.  Conversion to other systems

This program (and associated subprograms) was written in 

ANSI-standard FORTRAN-77 for the VAX-11/780 system (VMS 

version 2.5). Conversion to systems without an 

ANSI-FORTRAN-77 compiler would necessitate extensive 

changes, particularly for all CHARACTER-type variables, 

IF-THEN-ELSE phrases, etc.

Since the FORTRAN-77 ANSI-standard presently does not 

provide for a NAMELIST I/O capability, a VAX-11 NAMELIST 

simulator subprogram is included in this program package. 

For most large main-frame systems (e.g., IBM/370, CYBER, 

etc.), a NAMELIST READ/WRITE is usually available; in this 

case, the VAX NAMELIST subprogram and associated routines 

(DECODEIX, DECODEX) can be eliminated; also, appropriate 

changes can be made where COMMON/NAME_LIST/ and CALL 

NAMELIST is used in the source program.

Other changes for non-VAX systems might include some (or 

all) of the following:

(1) Variables with more than 6-characters.

(2) Use of the underscore character or dollar character in 

some variables and/or COMMON names.

(3) Character strings delimited by single-quote characters 

(e.g., 'STRING'); also, character string concatination 

(e.g. , 'STRING1'//'STRING2').

(4) Passing variable-length character strings in subroutine 

calls; e.g., CHARACTER*(*) passed length character
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arguments.

(5) Need to suppress arithmetic or exponential underflow 

messages (note that a VAX-11 result is automatically set 

to 0.0 after any underflow which is assumed for this 

program package); if the target system does not set 

underflows to 0.0 (and suppress warning messages), then 

a suitable conversion procedure must be used for proper 

operation of this program package.

(6) Replacement of any special VAX-dependent CALLS or 

statements (e.g., CALL LIB$INDEX, ACCEPT, TYPE, CALL 

SYS$anyname, etc. note that we have minimized 

machine-dependent calls, where possible).

(7) Hexidecimal constants (e.g., '4A'X) if used in any DATA 

statements.

(8) Virtual-sized arrays, if any (i.e, DIMENSION statements 

greater than physical memory).
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Appendix 2.  Test problem input/output listing

The following input files (FOR005.0, FOR010, FOR005.1) 

were used to run a known test problem for program NLSTCI on 

a VAX system using both lOPT^O and 1 cases separately. The 

corresponding output files (FOR016) are given following 

FOR005.1. In addition, each file FOR016.DAT was used to 

plot the final observed (OBS) and calculated (CAL) curves 

using an external plotter. The symbol "0" represents Y(I) 

in the plot, and the solid line represents a curve drawn 

through the calculated (CAL) points.

FOR005.0

TEST EXAMPLE (IOPT-0 CASE)
$PARMS N=19,K=4,M-1,IPRT--2,
IDER-1 ,IWT-2,SP-3 f
NITER-15,
BL-2*.0001,10,.IE-4,
B-.015,.15,175, .015,
BH=2*5,1000, .1E5$
(2G16.8,T1,G16.8)
$INIT MM=2,A=175$

0.96605726E-01 0
0.36346640E-01 0
0.13687826E-01 0
0.64035309E-02 0
0.35103841E-02 0
0.21471761E-02 0
0.13093358E-02 0
0.78840711E-03 0
0.45996808E-03 0
0.25708214E-03 0
0.13831072E-03 0
0.71406452E-04 0
0.35465542E-04 0
0.16997505E-04. 0
0.73670519E-05 0
0.35501544E-05 0
0.15534020E-05 0
0.66868074E-06 0
0.28317137E-06 0

FOR010

19242254E-03
28243766E-03
41456183E-03
60849357E-03
89314644E-03
13109597E-02
,19242257E-02
28243773E-02
41456190E-02
60849362E-02
,89314654E-02
13109598E-01
19242259E-01
.28243775E-01
41456193E-01
.60849369E-01
,89314662E-01
.13109601E+00
 19242261E+00

0.11366887E+03 
0.12427132E+03 
0.13160466E+03 
0.11748647E+03 
0.93367012E+02 
0.68623184E+02 
0.50529686E+02 
0.37524563E+02 
0.28474813E+02 
0.22246769E+02 
0.17830414E+02 
0.14687531E+02 
0.12410449E+02 
0.10733011E+02 
0.94950829E+01 
0.85372982E+01 
0.78144689E+01 
0.72586303E+01 
0.67987070E+01
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FOR005.1

TEST EXAMPLE CIOPTs! CASE) 
$PARMS N=19,K=4,M=1 ,IPRT=-2, 
IDERs! ,IWT=0,SP=3,

BLs2«. 0001,10, .1E-4, 
Bs.015, .15,175,1, 
BH=2*5,1000, .1E5$ 
(T33,G16.8,T17,G16.8) 
$INIT MM=2,As175,IOPT=1$

FOR016

(NLSTCI): TEST EXAMPLE (IOPT=0 CASE)

MMs 2 As 0.175000E+03 EPS= 0.100000E-09 
80s 0.100000E-01 BM= 0.100000E*03 MBs 8 
Z= O.OOOOOOE*00 ISTEPs 0 
IOPT= 0

PARAMETER ORDER 

1 SIGMA( 1)
2 SIGMAC 2)
3 THICK( 1)
U 8( U) SHIFT PARAMETER IN B(2»MM)TRANSIENT
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{NLSOU

Ms
ISTOPs 
IOUT=

TEST EXAMPLE (IQPTsO CASE)

19
1
1

IWTs 
5P-

IDER=
Ms 
IPRT:

1 IALT* 
-2 NITER;

10
15

FMTs(2G16.8,T1,Gl6.8)

PARAMETER LOWER BOUNDS: BLs

0.99999997E-04 0.99999997E-0« 0.10000000E+02 0.99999997E-05 

INITIAL PARAMETERS: 8=

0.15000000E-01 0.15000001E+00 0.17500000E+03 0.15000000E-01 

PARAMETER HIGHER BOUNDS: BH=

0.50000000E+01 0.50000000E+01 0.10000000E+OU 0.10000000E+05 

*  NLITR (IDERsO) OR NL2SNO (IDERaD CALLED: 1   

INITIAL X(I)

0.546171E-01 
0.174026E+00

O.*122434£-02

NF

1
2
3
4

IT

0
1
2
3

5
6
7
3
9
10
1 1

»* *  X-CONVEHGENCE     *

FUNCTION 
FUNC. EVALS 
GRAO. NORM

D(I)

0.490E+02 
0.106E+01 
0.230E+01 
0.186E+04

DF COSMAX VAR

T
2
3
a
5
6
7
3
9

10
11
12

0.200E+00
0.110E-01
0.831E-04
0.756E-05
0.324E-06
0.118E-06
0.225E-07
0.909E-08
0.650E-10
0.636E-10
0. 433E-10
0.433E-10

0.139E+00
0.109E-01
0.755E-04
0.724E-05
0.206E-06
0.959E-07
0.135E-07
0.903E-08
0.138E-11
0.202E-10

-0. 1 17E-10

0.999E+00
0 .994E+00
0 . 924E+00
0 . 946E+00
0.655E+00
0.656E+00
0.686E+00
0.911E+00
0.995E-01
0. 186E+00
0.439E+00
0.439E+00

0.150E+02
0.150E+02
0.149E+02
0. 145E+02
0. 140E*02
0.123E+02
0. 141E+02
0. 151E+02
0 . 1 44E+01
0.146E+01
0.318E+01

12
VARIABILITY 
GRAD. EVALS

0.104053E-02 COSMAX

0.318060E+01
11 

0.438530E+00

FINAL X(I)

0.- 
0.201355E+00
OJ
o.<

D(I)

0.430E+02 
0.426E+00 
0.162E+01 
0.131E+04

0.151E-05 
0.504E-05 
0.104E-02

COVARIAMCE r SCALE   (J»*T   J)»»-1 

ROW 1 0.3025E-11
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FOR005.1

TEST EXAMPLE (IOPT=1 CASE) 
$PAHMS N=19,K=4,M=1,IPRT=-2, 
IDER=1 T IWT=0,SPs3, 
NITERs15,IP=1,IBs4, 
BL=2*.0001,10,.IE-4, 
Bs.015,.15,175,1, 
BH=2*5,1000,.1E5$ 
(T33,G16.8,T17,G16.8) 
$INIT MM=2,A=175,IOPT=1$

FOR016

(NLSTCI): TEST EXAMPLE (IOPT=0 CASE)

MM= 2 As 0.175000E*03 EPS= 0.100000E-09 
B0= 0.100000E-01 BM= 0.100000E*03 MB= 8 
Z= O.OOOOOOE*00 ISTEP= 0 
IOPT= 0

PARAMETER ORDER 

1 SIGMAC 1)
2 SIGMA( 2)
3 THICK( 1)
1 B( 1) SHIFT PARAMETER IN B(2»MM)'TRANSIENT
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TOTAL "ELAPSED" TIME = 282.81 SEC. ( « MIN. 12.31 SEC.)
CPU TIM£ = 263.12 SEC. ( « M. 23.12 S.) CPU % = 93-0«
BUFTl/0 COUNT* 7
DIR.I/O'COUNTs 20
PAGE FAULTSs 118

TEST EXAMPLE (IOPT=0 CASE)

2 
Ul

to

10 10

TIME (SEC. )
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HOW 
II UU 
HOW

I
I
2
3
14
5
6
7
3
9

10
1 1
12
U
14
15
16
17
18
19

2
3
4

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.22H6E-10 
-U. 1U91E-10 
-0.7822E-I3

ObS.Y(I)
.9&6057E-01
.}bj"»66E-OI
. 136878E-OI
.6MOJ53E-02
 35I038E-02
.21«718E-02
. 13093<»E-02
.788107E-03
,«59968E-03
.257082E-03
. 1383HE-03
.71U065E-OH
. 35«655E-0«
. 169975E-OH
.7867U5E-05
 3550I5E-05
- 1558«OE-05
-668681E-06
.283171E-06

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.2355E-09 
-0.1127E-09 0.7896E-IO 
-0.5521E-12 0.3802E-12 0.2047E-I4

CAL
966070E-01
363«65E-01
136875E-01
6U0327E-02
35I037E-02
214698E-02
130925E-02
788U85E-03
459998E-03
257UOE-03
1383*7E-03
71«202E-0«I
35«660E-04
170017E-OH
7869«7E-05
355112E-05
155997E-05
668978E-06
2B3069E-06

RES
-O.I32E-05
0. 156E-06
0.278E-06
0.262E-06
0. I58E-07
0. 196E-06
0.85 IE-07

-0.777E-07
-0.295E-07
-0.277E-07
-0-358E-07
-0.137E-07
-0.«69E-09
-O.U16E-08
-0.2H1E-08
-0.963E-09
-0.157E-08
-0.298E-09

0. I03E-09

ISES.ERa
-0.136507E-02
0.1 30«7 «E-03
0.2031»«E-02
O.HOB700E-02
O.H91021E-03
0.910913E-02
0.6«9987E-02

-0.985526E-02
-0.6121Q6E-02
-0.107B76E-01
-0.259069E-01
-0.19183'E-OI
-0.13232KE-02
-0.2H1898E-01
-0.306730E-OI
-0.271226E-01
-0. 100717E»00
-O.HU5075E-01

0.362866E-01

X(I,t)
O.I92123E-03
0.282«38E-03
0.411562E-03
0.60HH94E-03
0.893116E-03
0.13'096E-02
0.192«23E-02
0.282HJ8E-02
O.KU562E-02
0.608«9«E-02
0.893» (»7E-02
0.13»096E-01
0.192K23E-01
0.282U38E-OI
0.414562E-OI
0.608«9»E-OI
0.893197E-01
O.I3»096E»00
0.192«23E»00

X(I,2)
0.966057E-01
O.J63»66E-01
0.136878E-OI
0.6U0353E-02
0.351038E-02
0.21K71BE-02
0.13093«E-02
0.788107E-03
O.U59968E-03
0.257082E-03
O.J383HE-03
0.711065E-01
0.35»655E-0«
0.169975E-OU
0.786705E-05
0.355015E-05
0.1558«OE-05
0.6686B1E-06
0.283171E-06

X(I,3)
O.OOOOOOE*00
O.OOOOOOE*00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE*00
O.OOOOOOE*00
O.OOOOOOE*00
O.OOOOOOE*00
O.OOOOOOE*00
O.OOOOOOE*00
O.OOOOOOE»00
O.OOOOOOE*00
O.OOOOOOE*00
O.OOOOOOE»00
O.OOOOOOE*00
O.OOOOOOE»00
O.OOOOOOE*00
O.OOOOOOE»00
O.OOOOOOE»00

«(I,t)
O.OOOOOOE»00
0.0000006*00
O.OOOOOOE»00
O.OOOOOOE*00
0.0000006*00
O.OOOOOOE»00
O.OOOOOOE»00
O.OOOOOOE*00
O.OOOOOOE*00
O.OOOOOOE+00
O.OOOOOOE»00
O.OOOOOOE»00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

WT(I)
0.1035HE+02
0.275129E+02
0.730576E+02
0.156t6«E+03
0.2B«869E+03
0.46572BE+03
0.7637«6E+03
0. 126838E+01
0.217406E+OU
0.388981E+OU
0.723010E+04
O.IU0043E+05
0.28196UE+05
0.5BB322E+05
0.1271I2E+06
0.281678E+06
0.6«1683E*06
0. 1«95«8E»07
0.353"«3E*07

   HHSERR* 0.361B9712E-06

COHRELATION MATRIX
1 O.tOOOE+01
2 0.3m«E+00 O.tOOOE+01
3 -0.96U8E+00 -0.826«E+00 
U -0.99UOC+00 -0.7957E+00

O.tOOOE+01 
0.9KSBE+00

  FARM SOL. STD ERROR RCL ERROR

0.1000E+01 

1 ERHOR   

1 0.
2 0. 
3 0. 
« 0.

, 1000E-01 0.1739E-05 0.1739E-03 0.1739E-01 
.200IE+00 0.1535E-OH 0.7670E-0* 0.7670E-02 
.2000E+03 0.3886E-05 0. «««3E-07 0.*U»«3E-05 
.9997E-02 0.«52«E-07 0.«525E-05 0."»525E-03

PARAMETER NAME FINAL SOLUTION RESISTIVITY LAYER DEPTH

1 
2 
3
14

SIGMA( 1) s 0. 
3IGMA( 2) : 0, 
T!IICK( 1) s 0 
SHIFT = 0.

. 10002709E-01 1 0.99972916E+02 

.200090B1E+00 2 0. 49977307E+01 

. I9997893E+03 1 0. 19997893E+03 

.9996B59KE-02
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$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$3$$$$$$$$$$$$$$$
TOTAL "ELAPSED" TIME= 282.81 SEC. ( 4 HIM. 42.81 SEC.)
CPU TIME= 263.12 SEC. ( 4 M. 23.12 S.) CPU % = 93-04$
BUFTl/0 COUNTs 7
DIR.I/0~COUNT= 20
PAGE FAULTS* 1^8
$$$$f$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

TEST EXAMPLE (IOPT=0 CASE)

V)

10 to

TIME (SEC. )
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{NLSTCI}: TEST EXAMPLE UOPTsl CASE)

MM= 2 As 0.175000E+03 EPS= 0.100000E-09 
BOr 0.100000E-01 BM= 0.100000E+03 NBr 8 
Zs O.OOOOOOE*00 ISTEPs 0 
lOPTs 1

PARAMETER ORDER 

1 SIGMA( 1)
2 SIGMAC 2)
3 THICK( 1)
4 B( U) SHIFT PARAMETER IN B(2»MM)»APPRES
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{NLSOU: 

N =
I3TOP=

lOUTs

TEST EXAMPLE (lOPTal CASE)

19
1
1

IWT = 
SP =

IPs 
IDER

Mr 
IPRT:

1 IALT= 
-2 NITER:

10
15

PARAMETERS HELD FIXED: IBs U 

FMTs(T33,G16.3,T17,Gl6.3)

PARAMETER LOWER BOUMDS: BLs

0.99999997E-04 0.99999997E-OU 0.10000000E+02 0.99999997E-05 

INITIAL PARAMETERS: Ba

0.15000000E-01 0.15000001E+00 0. 17500000E+03 0. 10000000E+01 

PARAMETER HIGHER BOUNDS: BH=

0.50000000E+01 0.50000000E+01 0.10000000E+0** 0.10000000E+05

PARAMETER INDEX: 1 2 3 1 
REORDERED AS...: 1 2 3

REORDERED PARAMETERS:

0.15000000E-01 0.15000001E+00 0.17500000E+03 

 * NLITR (IDERsO) OR NL2SNO (IDER«1) CALLED: 1  »

INITIAL X(I) 0(1)

1
2
3

IT

0
1
2
3
a
5
6

    * X-CONVERGENCE      

FUNCTION 0.383166D-OM VARIABILITY 0.118399E+01
FUNC. EVALS 7 GRAD. EVALS 6
GRAD. NORM 0.720512E+01 COSMAX 0.23979 1»E>00

0. 
0. 
0.

NF

1
2
3
H
5
6
7

546171E-01 
17 1026 £+00

F 

O.U68E+OK
0
0
0
0
0
0

.186E+OM

.«78E+02

.420E+00

.234E-02

.383E-01

.383E-OU

0
0
0
0
0

-0

0.638E+OU 
0.355E+03 
0.518E+03

DF 

0
.282E+04
.181 E+0**
. U74E+02
.U18E+00
.231E-02
.602E-OU

0
0
0
0
0
0

COSMAX 

-984E+00
.993E+00
.8 1 4£
.720E
.782E

-«.
*
+

00
00
00

.2UOE+00

.240E *00

0.
0.
0.
0.
0.
0.

VAR

159E+02
159E+02
157E+02
150E+02
155E+02
1 18E+01

FINAL X(I)

O.UU5123E-01 
0.201312E*00

0.125E+05 
0.393E*03-

-0.597E*01 
0.254E-01 
0.

COVAHIANCE s SCALE * (J«»T   J)»*-1
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HOW i 0.56«3E-I3
HOW <> 0.1I98E-M 0.5670C-IO
HOW 3 -0. I210E-12 -0.2919C-M 0.65«6E-I1

I
1
2
3
«

5
6
7
3
9

10
1 1
\2
ni«
15
16
17
18
'9

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

ous.m)
1 1 J669E+03
12»27IE+03
I31605E+03
117486E+03
933670E+02
686232E+02
505297E+02
375216E+02
28«7«8E+02
222H68E+02
178304E+02
IH6875E+02
I21104E+02
107330E+02
9«9508E+01
S53730E+01
781«»»7E+Ot
725363E+OI
079871E+01

C*L
0. 113669E+03
0. 12127 Of +03
0. 131603E+03
0.1 I7«92E+03
0.933657E+02
0.686239E+02
0.505287E»02
0.375267E+02
0.28«767E+02
0.222«56E»02
0.178293E»02
0. IH6877E*02
0.12«n8E»02
0. 107327E»02
0.9«925 t£+OI
0-853363E*OI
0.781H89E»OI
0.72605IE*01
0.680066£»01

RES
0.107E-03
0.900E-03
0.204E-02

-0.530E-02
0.130E-02

-0.717E-03
0.973E-03

-0.216E-02
-0.188E-02
0. H7E-02
0.1 I3E-02

-0. I54E-03
-0.135E-02
0.283E-03
0.258E-02
0.367E-02

-0.«20E-03
-0.188E-02
-0.196E-02

IRES. ERR
0.939673E-01
0.72«««3E-03
0. I55368E-02

-0.15I302E-02
0.138916E-02

-0. I04506E-02
0. 192514E-02

-0.57«339E-02
-0.6597«6E-02

0.52<I732E-02
0.6322H2E-02

-0. 10Q538E-02
-0. 108877E-01
0.263904E-02
0.271«59E-01
0. 12992 1E-01

-0.537555E-02
-0.258827E-01
-0.287617E-01

X(I,1)
0.192023E-03
0.282138E-03
0.4I4562E-OJ
0.608«9«E-03
0.8931«6E-03
O.I31096E-02
0.192423E-02
0.282«38E-02
0.414562E-02
0.608«9»E-02
0.8931»»7E-02
0.131096E-01
O.I92423E-01
0.282«38E-OJ
O.HU562E-01
0.608«9«E-01
0.893K7E-OI
0. 131096E»00
0.192«23E*00

X(1.2)
O.OOOOOOE»00
O.OOOOOOE»00
O.OOOOOOE*00
O.OOOOOOE+00
O.OOOOOOE*00
O.OOOOOOE»00
O.OOOOOOE»00
O.OOOOOOE»00
O.OOOOOOE»00
O.OOOOOOE*00
O.OOOOOOE»00
O.OOOOOOE*00
O.OOOOOOE»00
O.OOOOOOE»00
O.OOOOOOE*00
O.OOOOOOE*00
O.OOOOOOE*00
O.OOOOOOE*00
O.OOOOOOE»00

X(I,3)
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

X(I.U)
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

WTU)
IOOOOOE+01
IOOOOOE+01
lOOOOOE+Ot
IOOOOOE+01
IOOOOOE+01
IOOOOOE+01
1 00000 E +01
IOOOOOE+01
IOOOOOE+01
IOOOOOE+01
IOOOOOE+01
IOOOOOE+01
IOOOOOE+01
IOOOOOE+01
IOOOOOE+01
IOOOOOE+01
IOOOOOE+01
IOOOOOE+01
IOOOOOE+01

   HMSERH* 0.21885093E-02

-OHRELATIOM MATRIX
1 0.1000E+OI
2 0.6699E+00 O.IOOOE+O!
3 -0.1991E+00 -0.1515E+00 0. IOOOE+01

  PAHM SOL. STD ERHOR REL ERROR ERROR

OO 0 1

<

. 1000E-01 0.2376E-06 0.2376E- 

.2000E+00 0.7530E-05 0.3765E- 

.2000E+03 0.2559E-05 0. 1279E-

........ t l» U " 

 AHAMETtH NAME

1 SIUMAC 1) - 
2 SIUMA( 2) : 
j THICKC 1) * 
« SHIFT s

FINAL SOLUTION

0. I0000006E-01 
0. 200005 I6E+00 
0.2000026 IE+03 
O.IOOOOOOOE+OI

 04 0.2376E-02 
 0» 0.3765E-02 
 07 0.1279E-05

 XAHPLE (lOPTsl CASE) 

HESISTIVITT LATE* DEPTH

1 0.99999939E+02 
2 O.H9998713C+01 

1 0.2000026 IE+03
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$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$*$$$$$$$$$$$$$$
TOTAL "ELAPSED" TIME* 18M.76 SEC. ( 3 MIN. U.76 SEC.) 
CPU TIME= 167.67 SEC. ( 2 M. 47.67 S.) CPU % r 90.751 
BUFTl/0 COUNTs 7 
DIR.I/0~~COUNT= 19 
PAGE FAULTS* 153 
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Appendix 3.  Source code availaoillty and listing

Source Code Availability

The current version of the source code may be obtained by 

writing directly to the author*. A magnetic tape copy can 

be sent to requestors to be copied and returned. This 

method of rtleasing the source code was selected in order to 

satisfy reguests for the latest (e.g., oossibly updated) 

version. [The attached listing does not Include the 

adaptive nonlinear least-squares algorithm (Dennis and 

others, 1979) due to its length; However, the complete 

algorithm is available on the distributed tape.]

The magnetic tape is usually recorded in the following 

mode (unless reguested otherwise):

Industry compatible: 9-tracK, standard ANSI-labeled, 

ASCII-mode, odd-parity, 800-bpl density, 80-character 

card-image records (blocked SO-card images, or 

4000-characters, per physical block), and contained on 

a file named "NLSTCI.VAX".

  present address is:

U.S. Geological Survey
Mall Stop 964
Box 2S046, Denver Federal Center
Denver, CO 80225
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source Listing 

The attached subprograms are listed In the following order:

00000010 CMAIN PROGRAM]
00000170 REAL FUNCTION HZLOOP
00000470 COMPLEX FUNCTION F3ZH
00000610 SUBROUTINE RECUR
00000840 SUBROUTINE MARQ.TRANS.HZLOOP.FCOOE
00002SOO REAL'S FUNCTION FCTCI
00002650 SUBROUTINE MARQ.TRANS.HZLOOP.5U8Z
00009780 SUBROUTINE NAMELIST
00008870 SUBROUTINE DUMYPCODE
00008910 SUBROUTINE SIGSUBEND
00009760 SUBROUTINE CPUTIME
00010330 SUBROUTINE DECODEIX
00010490 SUBROUTINE DECOOEX
00010660 REAL*8 FUNCTION DERF
00011080 SUBROUTINE OFINO
00011440 SUBROUTINE DRTMI
00012210 SUBROUTINE ERRMSG
00012550 SUBROUTINE INTEG1
00012800 SUBROUTINE VJNMAX
00012900 SUBROUTINE NLSOL
00019190 SUBROUTINE NLITR
00020250 SUBROUTINE INTRAN
00020840 SUBROUTINE CALCR
00021330 SUBROUTINE NQNBLANK
00021460 SUBROUTINE PROCINFO
00021830 REAL FUNCTION RFLAGS
00022240 SUBROUTINE SPLIN1
00023440 SUBROUTINE SPOINT
00023660 SUBROUTINE WARN
00024000 COMPLEX FUNCTION ZHANKS
00027440 REAL FUNCTION ASINH
00027520 FUNCTION ERF
00027850 FUNCTION ERFINV
00028650 INTEGER FUNCTION LOG
00028760 SUBROUTINE NL2SQL
00033330 SUBROUTINE NL2SNO
00034880 SUBROUTINE NL2ITR
00041960 SUBROUTINE ASSESS
00045960 SUBROUTINE COVCLC
00050120 SUBROUTINE DFAULT
00051010 REAL FUNCTION OOTPRO
00051380 SUBROUTINE OUPDAT
00051960 SUBROUTINE GQTSTP
00057880 SUBROUTINE ITSMRY
00060180 SUBROUTINE LINVRT
00060610 SUBROUTINE LITVMU
00060930 SUBROUTINE LIVMUL
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00061240 SUBROUTINE LMSTEP
00066350 SUBROUTINE LSQRT
00067000 REAL FUNCTION LSVMIN
00068790 SUBROUTINE LTSQAR
00069150 SUBROUTINE PARCHK
00071070 SUBROUTINE QAPPLY
00071970 SUBROUTINE QRFACT
00074360 SUBROUTINE RPTMUL
00075110 SUBROUTINE SLUPOT
00075730 SUBROUTINE SLVMUL
00076190 LOGICAL FUNCTION STOPX
00076420 SUBROUTINE VAXPY
00076550 SUBROUTINE VCOPY
00076680 SUBROUTINE VSCOPY
00076810 REAL FUNCTION V2*ORM
00077360 INTEGER FUNCTION IrfDCO
00077530 REAL FUNCTION RMOCON
00078570 REAL FUNCTION 3LAGFO
00080960 REAL FUNCTION «LAGF1
00083320 FUNCTION TCHEB

C <NLSTCI>: 'NLSOL'-INVERSION OF TRANSIENT SOUNDINGS FOR <8/9/82> 00000010
C A CENTRAL INDUCTION LOOP SYSTEM OF RADIUS A>0. 00000020
C 00000030
C** VAX-11/780 VERSION 00000040
C 00000050
C BY M.L.ANDERSON, U.S. GEOLOGICAL SURVEY* DENVER, COLORADO. 00000060
C 00000070
C 00000080

EXTERNAL MARQ.TRAN5_HZLOOP_FCODE,DUMYPCOD£, 00000090
1 MARQ.TRANS.HZLOOP.SUBZ,SIG5UB£ND 00000100
CALL SETTIME 00000110
CALL NLSOL(«ARQ..TRANS-HZLOOP.FCOD£,DUMYPCODE, 00000120

1 MARQ_TRAN5.HZLOOP.SUBZ,SIGSUB£ND) 00000130
CALL CPUTIM£(6,16) 00000140
CALL EXIT 00000150
END 00000160
REAL FUNCTION HZLOOPCB2) 00000170

C COSINE-TRANSFORM KERNEL FOR CENTRAL INDUCTION LOOP WITH 00000180
C A>0,RsO, AND Z>sO.O. 00000190
C 00000200

REAL SIGC10),H(10),Z 00000210
COMPLEX ZHANKS,ZAC4,K2(10),KS1,ZFLD 00000220
COMMON/MOOEL/K2,KS1,H,Z,A,R,HMAX,M 00000230
COMMON/PASS/ZAC4,ANORM,CURI,DC,SIG,BO,BM,5IG1,£PS,ISTEP 00000240
COMMON/SPLN/XS(200),Y5(200),AS(200),85(200),C5(200),NS,ISPLN 00000250
EXTERNAL F3ZH 00000260
8»SORT(B2) 00000270
IF(B.LT.BO) GO TO 3 00000280
IF(B.GT.BM) GO TO 4 00000290
IFCISPLN.EQ.O) GO TO 10 00000300

C ISPLNsl (0<NB<12 OPTION) INTERPOLATE PRE-SPLINED FREO. FUNCTION 00000310
CALL SPOINT(NS,XS,¥S,AS,6S,CS,B,HZLOOP) 00000320
RETURN 00000330
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10 

i

3

4

C-
C
C

o
c
c

10

Fs(B/A)*«2/(39.47841762F.-7*SIGl)
KS1«CMPLX(0.0,»7.895683523E-6*F)
DO 1 I*|, M
K2CI)»KS1*CMPLX(5ZG(Z),0.0)
ZFLDsANORM*ZHANKS(l,ANORM,F3ZH,EPS,LL, 1) * ZAC4
ZFLD*CMPLXCCUHI,0.0)«ZFLD
HZLOOP»REAL(ZFLD)/DC
RETURN
HZLOOP»l.O
RETURN
HZLOOP»0.0
RETURN
END
COMPLEX FUNCTION F3ZHU)

'KERNEL FOR HANKEL TRANSFORM IN CURLOOP WHEN RsO.O AND Z>sO.O 
SCALED BY HMAX STORED IN COMMON/MODEL/

COMPLEX Z1,ZO,K2(10) ,KS1 ,HALF 
REAL H(10) ( Z 
COMMON/*ODEL/K2,KSl,H,Z f A,R,HMAX,M
DATA HALF/CO. 5, O.O)/ 
YSX/HMAX
CALL RECUR(Y,Zl,ZO)
F3ZHSCMPLX(Y,0.0)«(Z1/CZO+ZI)-HALF) 
IF(Z.GT.O.O) F3ZH»F3ZH*CMPLX(EXP(-Y*Z),0.0) 
RETURN 
END
SUBROUTINE RECUR ( Y , Zl ,ZO )

 BACKWARD RECURRENCE FOR COMPLEX IMPEDANCES Z1,ZO GIVEN ARGUMENT 
YOX/HMAX) AND MODEL PARAMETERS IN COMMON/MODEL/

REAL H(10),Z
COMPLEX Zl,ZO > K2(10),KSi ( ONE ( ZZ ( X2.U
COM-ON/MODEL/K2,KS1,H,Z > A,R,HMAX,M
DATA QNE/( 1.0,0. O)/
X2»C«PLXCY*Y,0.0)
Z03KS1/CMPLX(Y ( 0.0)
Z1»KS1/CSQRT(X2-K2(M) )
IF(M.EQ.t) GO TO 20
J«M-i
UsCSQRT(X2*K2(J))
ZZaKSl/U
U*CEXP(CMPLX(-2.0*H(J) ( 0.0)«U)
U8(ONE-U)/(ONEi>U)
Z1=ZZ»((Z1*ZZ*U)/(ZZ*Z1*U))
IF(J.CQ.l) GO TO 20

20

o< 
c
o 
c

GO TO 10 
RETURN 
END
SUBROUTINE MARO.TRAHS.HZLOOP.FCODEC Y,X.B,PRNT.F. IN ,IDER) 

FUNCT. EVAL. FOR 'NLSTCI'

PARAMETERS 
Y* OBSERVED DEPENDENT VARIABLE ARRAY (DIM. N)

00000340 
00000350 
00000360 
00000370 
00000380 
00000390 
00000400 
00000410 
00000420 
00000430 
00000440 
00000450 
00000460 
00000470 
00000480 
00000490 
OOOOOSOO 
00000510 
00000520 
00000530 
00000540 
00000550 
00000560 
00000570 
00000560 
00000590 
00000600 
00000610 
00000620 
00000630 
00000640 
00000650 
00000660 
00000670 
00000680 
00000690 
00000700 
00000710 
00000720 
00000730 
00000740 
00000750 
00000760 
00000770 
00000780 
00000790 
00000800 
00000810 
00000820 
00000830 
00000840 
00000850 
00000860 
00000870 
00000880
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C X= OBSERVED INDEPENDENT VARIABLE ARRAY (01*. N,5)
C BS CURRENT PARAMETER ARRAY ESTIMATES (DIM. K)
C PRNTs WORK AND PRINT ARRAY (DIM. 5)
C Fa OUTPUT FUNCTION VALUE EVAL. FOR GIVEN Y,X,B AT DBS. IN
C INs OBSERVATION NO. TO EVAL. F (1<=IN<=N)
C IDERs 0 IF ANALYTIC DERIVATIVES ARE USED LATER (PCODE CALLED)
C 1 IF ESTIMATED DERIVATIVES USED ONLY (PCODE NOT CALLED)
C [NOTE: CURRENTLY ONLY IDERsl CAN BE USED; IDERsO MAY BE ADDED LATER]
C

REAL<8 XO,X1,TV,FX1,SQPI,XL,XR
PARAMETER CSQPI=1.77245395090551600)
COMPLEX K2(10),KS1,C4,ZA,ZAC4
REAL Y(1),X(500,5),B(1),PRNT(5),SIG(10),H(10),DER(2), 

1 BSAVE(20),W2C200), APPRESC500),TARC500,2)
EXTERNAL HZLOOP,FCTCI
COMMON/PASSER/TV,LATE
COMMON/TCOM/T(500),VSAVE(500)
COMMON/PASS/ZAC4,ANOR*,CURI,DC,SIG,80,BM,SIGt,EPS,ISTEP
COMMON/FPASS/AA,TMIN,TMAX,TO,TM,DB,BMTEST, 

* M1,M21,*2,J5PLN,NN,IFIRST.IOPT
COMMON/SPLN/XS(200),YS(200),AS(200),BS(200),CS(200),N5,ISPLN
COMMON/MODEL/K2 f KSt,H,Z,A,R,HMAX,M
DATA DER/2*0.0/,XMUO/1.256637lE-<" '
IFUN.GT.t.OR.M.EO.l) GO TO 20
DO 10 Js2,M
IF(B(J).EQ.6(J-1)) CALL ERHMSGC'SOME SIG(J)=SIG(J-l)',4,6,16) 

10 CONTINUE 
20 DO 30 Jsl,5 
 30 PRNT(J)3X(IN,J)

IF(IN.GT.l) GO TO 800
IF(IDCR.EQ.l) GO TO 8001 

35 SIG1=B(1)
HMAX=A
IF(M.EQ.l) GO TO 45
DO 40 J=1,H1
H(J)sB(M-fJ) 

40 SIGCJ)sB(J)
CALL MINMAX(H,M1,HMIN,HMAX)

45 SIG(M)sB(M)
ANORM8A/HMAX
TCON=6.29318531E-7*SIG1*AA
IF(JSPLN.EQ.O) GO TO 49 

C GET PRE-SPLINEO FREO FUNCTION (0<NB<12 OPTION)
NSaO
TEMaBO/DB
ISPLNsO

46 TEM«TEM*DB
IF(TEM.GE.BMTEST) GO TO 47
NSsNS+1
IFCNS.GT.200) CALL ERRMSGC'SPLINED NS>200 IN FCOOE',3,6,16)
XSCNS)=TEM
YS(NS)=HZLOOPCTEM*TEM)
GO TO 46

47 CALL SPLIN1(NS,0.0,XS,YS,AS,BS,CS,0,DER,T,*2) 
ISPLNsl

00000890 
00000900 
00000910 
00000920 
00000930 
00000940 
00000950 
00000960 
00000970 
00000980 
00000990 
00001000 
00001010 
00001020 
00001030 
00001040 
00001050 
OOOOlObO 
00001070 
00001080 
00001090 
00001100 
00001110 
00001120 
00001130 
00001140 
00001150 
00001160 
00001170 
00001180 
00001190 
00001200 
00001210 
00001220 
00001230 
00001240 
00001250 
00001260 
00001270 
00001280 
00001290 
00001300 
00001310 
00001320 
00001330 
00001340 
00001350 
00001360 
00001370 
00001380 
00001390 
00001400 
00001410 
00001420 
00001430
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49 TOs.5«TMIN/TCON
TMsTMAX/TCQN
LATE*0
IFCIFZRST.EQ.l) ZWARN»0
NEWsl
TRANSL«t.E30
DO 70 Z»1,NN
T(Z)»X(X,l)/TCON

C  GET TRANSIENT IMPULSE RESPONSE VIA LAGGED CONVOLUTION IN TIME. 
TRANS«.63661977«RFLAGS(0,HZLOOP,EPS,TO,TM,TCI),NEW)

71

70

IFCTRANS.GT.1.0) GO TO 71
C  IF CALC.TRANS TOO NOZ5Y, THEN FORCE TRANSaTRANSL; THIS SHOULD NOT 
C OCCUR WITH THE USUAL I HE RANGE USED *ITH MOST FIELD EQUIPMENT. 

IF<TRAN5.LT. 0.0. OR. TRANS. GT.TRANSL) THEN 
TRANS9TRANSL 
IF(IMARN.EQ.O) THEM 

IWARMsi
CALL tfARNC'NOZSE ZN CALC. TRANS DETECTED. ', 0,6, 16, »7l ) 

ENDZF 
ENDIF

TRANSL«TRAN5 
VSAVE(I)*TRANS 
CONTZNUE 

C  IF ZOPTsl, THEN CONVERT COMPUTED "TRANS" TO "APPRES"
ZF(ZOPT.EQ.l) THEN

C**GET APP.RES. (SEE C**£ND OF "IF( IQPT.EO. 1 ) THEN" BELO«) 
DO 6tt Zal.NN 

TZMEsTCON»T(Z) 
TVaT(Z)*V5AVECZ)

C  MUELLERS ZTER USING FCTCZCXD^O FOR SOLUTION XI ZN (0,20.) 
CALL DFZND(.1D-20,100,20.DO,FCTCZ,XL,XR,ZER) 
IF (ZER.GT.O) THEN 
TAR(Z,l)sl./SZGl 
XlsXR
TARCI,2)sO.O 
GO TO 62 

ENDIF
CALL DRTMI(X1,FX1,FCTCZ, XL, XR, .10-5, 1000, ZER) 
ZFCZER.GT.O) THEN 
TAR(Z,1)«1./SIG1

TAR(Z,2)«0.0 
GO TO 62 

ENDIF 
C  XI FOUND, GET APPRES TAR(Z»1)

TARCI,l)s(XMUO*AA)/(4.*TZME*Xl**2) 
ZFCTZME.GT.0.04) LATEol 

C  LOOK FOR 2ND XI AND TAR(Z,2), ETC. 
62 CALL DFZNDCO. 000,25, XI*. 01*X1,FCTCZ,XL»XR,IER) 

IFCZER.GT.O) THEM
CALL DFIND(XI+.01*X1,25,1.0D5,FCTCZ,XL,XR,IER) 
ZFCZER.GT.O) THEN 
TAR(Z,2)*0.0 
GO TO 68

00001440 
00001450 
00001460 
00001470 
00001480 
00001490 
00001SOO 
00001510 
00001520 
00001 530 
00001540 
00001550 
00001560 
00001570 
00001580 
00001590 
00001600 
00001610 
00001620 
00001630 
00001640 
00001650 
00001660 
00001670 
00001680 
00001690 
00001700 
00001710 
00001720 
00001730 
00001740 
00001750 
00001760 
00001770 
00001780 
00001790 
00001800 
00001810 
00001820 
00001830 
00001840 
00001850 
00001860 
00001870 
00001880 
00001890 
00001900 
00001910 
00001920 
00001930 
00001940 
00001950 
00001960 
00001970 
00001980
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ENDIF 00001990
ENOIF 00002000
CALL DRTMI(X1,FX1,FCTCI,XL,XR,.10-4,1000,IER) 00002010
IF(IER.GT.O) THEN 00002020
TAR(I,2)30.0 00002030
GO TO 68 00002040

ENDXF 00002050
TAR(I,2)9(XMUO*AA)/(4.*TIME«X1**2) 00002060

68 CONTINUE 00002070
C GET FINAL APPARENT RESISTIVITY APPRES(I) FROM TARCI,2) 00002080

TEMal./SIGl 00002090
IF(ABS(TAR(1,1)-TEM).LT.ABS(TARC1,2)-TEM)> THEN 00002100

APPRES(l)sTAR(l,l) 00002110
ELSE 00002120

APPRES(1)'TAR(1,2) 00002130
ENOIF 00002140
IF(APPRESd).EQ.O.O) APPRESC1)aTEM 00002150
DO 1=2,NN 00002160

J=I-1 00002170
IF(AaS(TAR(I,l)-APPR£S(J)).LT.ABS(TAR(I,2)-APPRES(J))) THEN 00002180

APPRES(I)8TAR(I,1) 00002190
ELSE 00002200

APPRES(I)8TAR(I,2) 00002210
ENDIF 00002220
IFUPPRES(I).EQ.O.O) APPRES(I)sAPPRESCJ) 00002230

ENOOO 00002240
ENOIF 00002250

C**ENO OF "IF(IOPT.EO.l) THEN* ABOVE FOR APP.RES. 00002260
IF(ISTEP.EQ.l) THEN 00002270

C GET STEP RESPONSE AS INTEGRAL OVER TIME OF IMPULSE RESPONSE. 00002280
CALL INTEG1(NN,T,VSAVE,3.0) 00002290

ENOIF 00002300
IF(IDER.EQ.O) GO TO 600 00002310
IFIRSTaO 00002320
00 80 J=1,M21 00002330

80 BSAVECJ)sB(J) 00002340
C GET PRE-SPLINEO TRANSIENT (EITHER ISTEP«0 OR 1) -OR- APPRES 00002350
600 IF(IOPT.EQ.O) THEN 00002360

FsB(M2)*VSAVE(IN)/SIGl 00002370
ELSE 00002380
F8B(M2)*APPRES(IN) 00002390

ENDIF 00002400
RETURN 00002410

800 IFCIDER.EQ.O) GO TO 600 00002420
C IDERsl EST.OER.OPTION 00002430
8001 IF(IFIRST.EQ.l) GO TO 35 00002440

00 802 J81,M21 00002450
IF(BCJ).NE.BSAVECJ)) GO TO 35 00002460

802 CONTINUE 00002470
GO TO 600 00002480
END 00002490
REAL'8 FUNCTION FCTCI(X) 00002500

C FUNCTION FCTCICX) FOR ZERO OF FCTCI(Xl)sO VIA CALL DRTMI 00002510
IMPLICIT REAL'S (A-H,0-2) 00002520
PARAMETER (SQPIal.77245385090551600,CONls2.DO/SOPI) 00002530
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SUBZ IS CALLED BY NLSOL AFTER THE DATA Y(Z),X(I,5) ARE READ. 
SUBZ CHECKS FOR DATA ERRORS, READS ADDITIONAL SZNZT 
PARAMETERS* AND LOADS SOME CONSTANTS IN COMMON STORAGE...

COMMON/PASSER/TV,LATE
X2«X*X
IFCLATE.EO.O.OR.X.GE.O.l) THEN
EsOEXP(-X2)
FCTCI«3.DO*DERF<X)-2.DO»X2»TV-CON1*X»(3.DO+2.DO»X2)*E
ELSE
FCTCZsCC(-2.00*X2/33.00^2.00/9.00)«X2- 

1 4.DO/7.DO)»X2*0.8DO)»X2*X«SOPI»TV
ENDZF
RETURN
END
SUBROUTINE MARO.TRANS.HZLOOP.SUBZ(Y,X,B f PRNT,»PRNT,N,TITLE,XOUT) 

C  ZNITZALZZATZON ROUTINE (CALLED ONCE) 
C 
C 
C 
C 
C
C PARAMETERS 
C Y,X,d,PRNT SAME AS IN SUBROUTINE FCOOE. 
C NPRNT« CONTROL PARAMETERS TO USE PRNT(NPRNT) ARRAY 
C NPRNT REPRESENTS THE NQ. XCI,NPRNT) VALUES 
C N* NO. OBSERVATIONS GIVEN IN YCN),X(N,5) 
C TITLES ALPHA TITLE ARRAY READ IN BY PGM IMSLMQ. 
C ZOUTst 1 IF UNIT 6 AND 16 PRINT FILES USEO 
C 0 IF ONLY UNIT 6 PRINT FILE USEO. 
C

CHARACTER'9 OPT(Oxl)
COMPLEX K2(10),KSl,C4.ZA f ZAC4
CHARACTER»80 TITLE
REAL Y(1),X(SOO,5).BC1),PRNT(1),5IG(10),HC10)
COMMON/PA5S/ZAC4,ANORM.CURl.DC,SIG,BO,flM.SZGi,EPS,ISTEP
COMMON/FPASS/AA,TMIN,TMAX,TO,TM,08,BMTEST, 

6 Ml,M2i,M2,JSPLN,NN,IFZRST,ZOPT
COMMON/SPLN/FILLUOOO),NS,ISPLN
COMMON/MODEL/K2,KSi,H.Z.A,R,HMAX,M 

C*» NAMELZST/INIT/MM.A t Z,£PS,BO,BM.NB
CONMQN/NANE.LIST/FZLLS(6S).MM t FZLLS2(4),EPS.. 

1 FZLLERC303i),ZOPT.,ZSTEP.,NB,BO.,PARM(4),BM.,A.,Z_
DATA ZSUBZ/0/,OPT/'TRANSZENT*,'APPRES*/
IF(ZSUBZ.NE.O) GO TO 10 

C PRESET
ZSUBZsl
MM*1
ZSTEP.sO
A.sO.O
Z.*0.0
BO.s.Ol
BM.slOO.
NB«8
EPS.a.lE-9
ZOPT.sO 

C**10 READ(5«ZNZT)
10 CALL NAMELIST(5 t '$INIT',*lt) 

IOPT«IOPT.

00002540 
00002550 
00002560 
00002570 
00002580 
00002590 
00002600 
00002610 
00002620 
00002630 
00002640 
00002650 
00002660 
00002670 
00002680 
00002690 
00002700 
00002710 
00002720 
00002730 
00002740 
00002750 
00002760 
00002770 
00002780 
00002790 
00002800 
00002010 
00002820 
00002830 
00002840 
000028SO 
00002860 
00002870 
00002880 
00002890 
00002900 
00002910 
00002920 
00002930 
00002940 
00002950 
00002960 
00002970 
00002980 
00002990 
00003000 
00003010 
00003020 
00003030 
00003040 
00003050 
00003060 
00003070 
00003080
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EPS=EPS. 
ISTEPaZSTEP. 
S0=80. 
BMsSM.
ASA.
ZaZ. 

11 CALL NQNBLANK(TZTLE.NONBLK)
WRZTEC6,20) TZTLE

20 FORMAT('HNLSTCZ):',5X,A<NONBLK>/) 
ZF(IOUT.EQ.l) MRZTEC16.20) TZTLE 
*RZTE(6,30) MM,A,EPS,BO,BM,NB,Z,ISTEP,IOPT
ZF(IOUT.EO.l) WRZTE(16,30) MM, A , EPS, BO, 8M , NB, Z, ISTEP, IOPT 

30 FORMATC MMa',Z3,12X,' As* , £13.6 , 4X, 'EPS*' ,E13,6/ 
6 ' B03',E13.6,2X,'BM=',£13.6,4X,'N83',I3/ 
6   Z«',E13.6,3X,'ZSTEP=',Z3/' IOPT=',I3) 

C  TEST SZNZT PARMS
ZFCMN.LT.l.OR.MM.GT.lO.OR.A.LE.O.O.OR.NB.LT.O.OR. 

& ZSTEP.LT.O.OR.ZSTEP.GT.l.OR.IOPT.LT.O.OR.ZQPT.GT.l.OR. 
& BM.LE.BO.OR.BO.LE.O.O.QR.Z.LT.O.O)
& CALL ERRMSGCSOME SZNZT PARMS OUT OF RANGE. ' , 6, 6, 16)
IF( Z.GT. 0.0. AND. ISTEP. EQ.l) 

1 CALL ERRMSGCZ>0 AND ISTEP=1 NOT ALLOWED. ' , 1 ,6, 16)
IF( IOPT. EO.i. AND. ISTEP. EQ.l)

1 CALL ERRMSGC'IOPTsl AND ZSTEP&1 NOT ALLOWED. ',0, 6, 16) 
C  TEST XCZ, ) DATA BEFORE PROCEEDING

00 40 1=2, N
ZF(X(Z,1).LE.XCZ-1,1).OR.X(Z,1).LE.O.O)

6 CALL ERR«SG('SO»E X(I,1)<=0.0 OR NOT INCREASING. ', 7 , 6 , 16) 
40 CONTINUE 
C  PRESET SOME GLOBAL CONSTANTS

ZFZRSTsl
NNSN
AAsA*A
ZAaCMPLX(A,0.0)
CURI3.3183098861/AA
C43CHPLX(A/(2.0*SQRT(AA*Z*Z)**3),0.0)
ZAC4aZA*C4
DCsA*CURZ*REAL(C4)
TMZNsXd, 1)
TNAX=X(N,1)
ISPLN»0
JSPLN&0
ZFCNB.GT.O.AMO.NB.LT.12) JSPLN&1
IFCJSPLN.EQ.l) THEN 
D8»EXP(2.30258509/FLOAT(NB)) 
BMTESTa0.5*CBM+BM*DB)

ENOZF
WRITE(6,50)
IF(IOUT.EO.I) WRITE(16,50) 

50 FORMATC////' PARAMETER ORDER '/)
MlaMMM
M2l»2*MM*i

WRZTEC6,liO)

00003090
00003100
00003110
00003120
00003130
00003140
00003150
00003160
00003170
00003180
00003190
00003200
00003210
00003220
00003230
00003240
00003250
00003260
00003270
00003280
00003290
00003300
00003310
00003320
00003330
00003340
00003350
00003360
00003370
00003380
00003390
00003400
00003410
00003420
00003430
00003440
00003450
00003460
00003470
00003480
00003490
00003500
00003510
00003520
00003530
00003540
00003550
00003560
00003570
00003580
00003590
00003600
00003610
00003620
00003630
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{NAMELIST INPUT ON VAX-11/780) VIA "CALL NAMELIST" (VERSION;

IF(IOUT.EQ.l) WRITEC16,110) (I,I,1=1,MM) 
110 FORMAT(5X,I3,6X,6HSIGMA(,I3,1H))

IF(MM.EQ.l) GO TO 132
00 120 1=1,Ml
JSMM+I
IFCIOUT.EQ.l) *RITE(16,130) J,I 

120 WRITE(6,130) J,I
130 FORMAT(5X,I3,6X,6HTHICK(,I3,1H)) 
132 WRITE(6,131) M2,M2,OPT(IOPT) 
131 FORMAT(5X,I3,10X,'8(',I3,') SHIFT PARAMETER IN B(2*MM)*',A)

IF(IOUT.EQ.l) WRITEU6,131) M2,M2,OPT(IOPT)
NPRNTS2
RETURN
END
SUBROUTINE MAMELIST(IUNIT,NAME,*) 

C 
C 
C
C A SIMULATED 'NAMELIST/NAME/' PROCESSOR FOR VAX-11 FORTRAN-77 TO 
C IMPLEMENT "CALL NAMELISTCIUNIT,'SNAME',*EOF)" ON VAX, WHICH 
C IS SIMILAR TO "READ(IUNIT.NAME,ENO=EOF)" ON MOST LARGE SYSTEMS. 
C
C BY rf.L.ANOERSON, U.S. GEOLOGICAL SURVEY, DENVER, COLORADO. 
C
C THIS IS A SUBSET OF THE ACTUAL NAMELIST/NAME/ AVAILABLE ON 
C MOST LARGE MAIN-FRAME SYSTEMS. CURRENT OPTIONS ARE: 
C
C (1) 
C
C (2) 
C 
C 
C
C C3) 
C (4) 
C 
C 
C
C (5) 
C
C (6) 
C (7) 
C (8) 
C 
C 
C 
C 
C 
C 
C 
C 
C
C (9) 
C 
C

ALL VARNAM'S ARE RESTRICTED TO 1 TO 6 CHAR'S (ALP,NUM, AND '.')
BUT MUST BEGIN WITH AN ALP CHAR (E.G., A3., BVAR, C.2, ETC.)
ONLY VARIABLE TYPES REAL*4 *8 (NAMTYpsl) AND INTEGER'2 *4
(NAMTYP=0). SEE C==== EXAMPLE STATEMENTS FOR NAMTYP BELOW sssss
{NOTE: COMPLEX,LOGICAL, OR CHARACTER VARIABLE TYPES ARE "NOT"
CODED IN THIS VERSION.)
MAX. 60 VARNAM'S ALLOWED IN NAMELIST (FOR ALL 'SNAMES' USED).
MAX. NUMBER FIELD (FLOAT OR FIXED) IS 20 CHAR WIDE, WHERE
BLANK CHAR'S ARE IGNORED, AND TYPE CONVERSION IS AUTOMATIC.
FLOAT NUMBERS WITH OPTIONAL E+XX OR D-XX AND'WITH OR WITHOUT '.
IN THE MANTISSA IS ALLOWED (E.G., 123E-3, .1230+02, -3.14, ETC.
PARTIAL ARRAY'S ALLOWED; E.G., A(10)s25.1,
AND Bsl,3.2,...
REPEAT FACTORS ALLOWED; E.G., C=2*l,3,..
ONLY 1-DIM ARRAYS ALLOWED WITH MAX SIZE 99999.
THE NAMELIST 'SNAME' MUST BE 2 TO 7 CHAR'S, AND MUST BEGIN WITH 00004060
A "S" CHAR (E.G., 'SP', 'SPARMS', ETC.); ALSO, THE FIRST CHAR IN00004070
IFILE MAY BEGIN IN COL. 1 BUT LESS THAN COL. 72 (BUFFER IS 80). 00004080
LINES IN IFILE MAY BE CONTINUED TO COL. 1 ON NEXT LINE, AND
TERMINATE THE NAMELIST BY "$(END!"--THE "END" IS OPTIONAL. E.G.,

00003640 
00003650 
00003660 
00003670 
00003680 
00003690 
00003700 
OOOQ3710 
00003720 
00003730 
00003740 
00003750 
00003760 
00003770 
00003780 
00003790

12/10/80)00003800 
00003810 
00003820 
00003830 
00003840 
00003850 
00003860 
00003870 
00003880 
00003890 
00003900 
00003910 
00003920 
00003930 
00003940 
00003950 
00003960 
00003970 
00003980 
00003990 
00004000 
00004010 
00004020 
00004030 
00004040 
00004050

SPARMS Asl,Bs2.3,7*l,C(3)s-.123£-10,
0=1800, £s5*20$END
SNEXNAM F»123, G=-10,C(2)=15.02 $
...END-OF-IFILE...
ABOUT 98% OF ALL THE POSSIBLE ERRORS ARE DETECTED AND AN
ERROR MESSAGE IS PRINTED ON UNIT 06, FOLLOWED BY CALL EXIT.
{NOTE: WATCH OUT FOR THE REMAINING 2% UNDETECTED ERRORS!)

00004090
00004100
00004110
00004120
00004130
00004140
00004150
00004160
00004170
00004180
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C 00004190
C SUBROUTINES CALLED: 00004200
C 00004210
c DECODEIX, DECODEX, AND NONBLANK. 00004220
C 00004230
c USAGE: 00004240
C 00004250 
C 1. MODIFY FILE 'INCLNAMES.FOR' AS REQUIRED (USE ANY EDITOR). 00004260 
C (SEE C*s33 EXAMPLE STATEMENTS BELOW 53333.) 00004270 
C 2. RECOMPILE SUBROUTINE 'NAMELIST' WITH THE DESIRED INCLNAMES.FOR. 00004280 
C 3. IN USERS CALLING PROGRAM, USE: 00004290 
C CALL NAMELISTCIUNIT,'SNAM£',*N)  ON VAX, MHERE N=E.O.F RETURN 00004300 
C STATEMENT LABEL. THIS SIMULATES ON VAX: 00004310 
C 'READ(IUNIT*NAM£,END=N)' ON SYSTEMS WITH NAMELIST/NAME/... 00004320 
C 00004330 
C*»  ****»*»*** »*»* **««**  * * * ****  ****** «* **«««** *   **«******00004340 
C 00004350

00004360 
00004370 
00004380 
00004390 
00004400 

C 00004410
C83S8338333»3S33338S833333338388333333338S338333333333338388S»383KS3833300004420

C==aas= THE USER MUST CHANGE THE FOLLOWING STATEMENTS FOR THE SPECIFIC 00004430 
C833833 NAMELIST VARIABLES DESIRED (E.G., USE TECO OR EOT, ETC.)S3*=SS3300004440 
C====*= DIMENSION NO.NAM VARIABLES TO AGREE WITH CHANGED DATA STATEMENTS00004450 
C«* 00004460 
C"ON VAX USE THE FOLLOWING INCLUDE STATEMENT (OPTIONALLY* USE /LIST): 00004470 
C»* 00004480

00004490 
00004500

CHARACTERS*) NAME 
CHARACTER*! C(47),BUFI 
CHARACTER'6 VARNAM 
CHARACTER'20 NUMFLD 
CHARACTER'80 BUT

C»
C

INCLUDE 'INCLNAMES.FOR/.MOLIST*

CS833833358S33S38S333333833 INCLNAM13.FT *ax=x=xrsaxxs=33===x=xrs3M===s00004510
CS8*3338S3S*3S8333S33 FOR USE IN CALL NAMELIST S338S3333333323SS3SSS3S3S00004520

C NORMALLY, ONE SHOULD COPY 'INCLNAM13.FT' TO 'INCLNAMES.FT'; THEN
EDIT 'INCLNAMES.FT' AS DESIRED FOR USERS CALL NAMELIST. NOTE THAT 
ONE MUST RECOMPILE 'NAMELIST.FT' WITH USERS CALLING PROGRAM, 
WHERE 'NAMELIST.FT' CONTAINS THE FOLLOWING STATEMENT!

00004S30 
00004540 
00004550 
00004560 
00004570 
00004560INCLUDE 'INCLNAMES.FT/LIST'

C*aSaa333S33SS33333S83=383SS33388S3S3333S8S3333S3338383883*S3SSSS3S3*SSS00004590

C 00004600 
C«*«* "I**************************************************************«*00004610 
C THIS IS "SPARMS AND SINIT" INPUT FOR PROGRAMS  NLSTCI" AND "NLSTCO* 00004620 
C****************«***********«*** ** *** « *«* **** * ******************00004630
C 00004640 
CSSSS$i$$SSSSS$SSS$$SSSii$$S$Si$$S«$$$Si$$$SSS$SSSSSiiS$Si$iSSiS$i$$SSfS00004650 
CSS CHANGE THE FOLLOWING FORTRAN-77 PARAMETER STATEMENT ONLY IF 00004660 
CSS INCREASING THE DEFAULT DIMENSIONS FOR NLSOL: 00004670

PARAMETER (NDI**500,MDIHaS,KDIM*20) 00004680 
CSS WHERE NDIMSMAX.OBS., MDIMsNAX.INDEP.VARS., KDlMsMAX.UNKNOWN FARMS. 00004690 
CSS 00 NOT CHANGE THE FOLLOWING RELATED PARAMETER STATEMENT: 00004700

PARAMETER (K1DIM*KDIM-1, 00004710
1 IVDIMsKDlM+60,NKVDIMs96+2*NDIM+(KDIM*(7*KDIM+41))/2) 00004720

CSS*$SiiS$SS$SSS$SSS$S$$SSSSS$S$$$S$S$S$$$S$i$$$S$SSSS$SSSS$$$$SSS$S$$i$00004730
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COMMON/NAM£..LI5T/V1,V2,V3,V4,V5,V6,V7,V8,V9,V10,
* VU,V12,V13,V14,V15,V16,V17,V18,V19,V20,
* V21,V22,V23,V24,V25,V26,V27,V28,V29,V30,
* V31,V32,V33,V34,V35,V36,V37,V38,V39,
* V40,V4l,V42,V43,V44,V45,V46,V47,V48,V49,V50,V51 
INTEGER V1,V2,V3,V4,V5,V6,V7,V8,V9,V10,V11,

* V17, V21,V22,V23,V24,V25, V27,V28,V29, V35, V36, V37 , V38 , V39
* V40,V44.V45,V46 
DIMENSION V1(1),V2(1),'3(1),V4(1),

* V5C1>,V6<1),V7C1),V8<1),V9<1),V10(1),
* V11(1),V12C1),V13C1),V14C1),V15C1),
* V16C1),V17(1),V18U),V19C1),V20(1),
* V2lCn,V22U),V23Cl),V24Cl),V25Cl),
* V26CKDIM),V27(K1DIM),V28(1),V29(1),V30<1),
* V31C1),V32U>,V33U),V34(1),V35(1),
* V36U),V37C1),V38(1),V39(1),V40CIVDIM),
* V41(NKVOIM),V42(KDIM),V43(KDIP),V44(1),V45(1),
* V46C1),V47U),V48<4),V49(1),V50(2),
* Y51C1),V52U).V53(1),V54(1),V55(1),
* V56(l),V57Ci),V58(l),V59Cl),V60Ci) 
DIMENSION NAMDIM(60),NAMLEN(60),NAMTYPC60) 
CHARACTER'S MAM(60) 
DATA NAM/'N ','!( , 'IP', 'K','IALT'.'ISTOP','IWT','IDER',

* 'IPRT', 'NITER', 'INON','FF','T','E','TAU', 'XL', 'MODLAM',

* 'GAMCR' , 'DEL' , 'ZETA' , 'IOUT' , 'SP* , 'SCADEP' , *SY' , 'SCALEY' ,
* 'B','IB',*I08','NM','XO','YO','L','EP','EPS','NEPS',

* 'METHOD', 'NFIN','IER','MEV, 'IV ' , ' V , 'BL* , 'BH',
*  lOPT','ISTEP','NB','eO','PARM*,'B»','A','Z',9*' '/ 

DATA NAMDIM/25*1,KOIM,K10IM,12*1,IVOIM,NKVDIM,2*KDIM,4*1,
1 4,3*1,9*0/ 
DATA NAMLEN/2* 1,2, 1,4, 5, 3, 2*4, 5, 4, 2, 2* 1,3, 2, 6, 5, 3, 2*4,

* 2,6,2,6,1,2,3,3*2,1,2,3,4,6,4,2*3,2,1,2*2,
* 4, 5, 2*2, 4, 2, 2*1, 9*0/
DATA NAMTYP/1 1*0, 5*1, 0,3*1, 5*0, 1,3*0, 5*1, 5*0, 0,3* 1,3*0, 5*1,
DATA MO.NAM/S1/

Cs383«s END OP INCLUDE STATEMENTS sssssssssssssssssssssssssssssss 
C
C»a 
C»s FOR EXAMPLE, FILE 'INCLNAMES.FOR' MAY CONTAIN (WITHOUT
C« =

COM*40N/NAME.LIST/V1,V2,V3,V4
REAL'S VI
INTEGER V3
DIMENSION V1C1),V2C2),V3(3),V4(4),

* V5Ci),V6(l),V7(l),V8(i),V9(l),VlO(l),
* VllCl),vi2U),V13Cl),V14(l),V15U),
* V16(1),V17(1),V18(1),V19(1),V20(1),
* V21(1),V22(1),V23(1),V24(1),V25C1),
* V26(l),V27(l),V28(l) f V29(l),V30(l),
* V31C1),V32(I),V33(1),V34(1),V35(1),
* V36(l),V37(l),V38(l),V39(l),V40(l),
* V41(1),V42(1),V43(1),V44(1),V45(1),
* V46(1),V47(1),V48U),V49(1),V50(1),
* V51(l),V52(i),V53(l),V54Cl),V55(l),

CBS 
C38 
Css

C=«
C" 
C» 
Css 
Css

00004740 
00004750 
00004760 
00004770 
00004780 
00004790 
00004800

, 00004810 
00004820 
00004830 
00004340 
00004850 
00004860 
00004870 
00004880 
00004890 
00004900 
00004910 
00004920 
00004930 
00004940 
00004950 
00004960 
00004970 
00004980 
00004990 
00005000 
00005010 
00005020 
00005030 
00005040 
00005050 
00005060 
00005070

9*0/ 00005080 
00005090

sxssassQOOOSlOO 
00005110 
00005120 
OOOOS130 
00005140 
00005150 
00005160 
00005170 
00005180 
00005190 
00005200 
00005210 
00005220 
00005230 
00005240 
00005250 
00005260 
00005270 
00005280
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C*s   V56U),V57(1),V58U).VS9(1).V60<1)
C«a DIMENSION NAMDXM(60),NAMLEN(60).NAMTYP<60)
Ca« CHARACTER'6 NAN(60)
C»a DATA NAM/'A*,'88',*XCC«,'DDD.4',56** '/
C«« DATA NAM0IM/1,2,3,4,56*0/
CM DATA MAMLEI»/i,2,3,5,56*0/
C«a DATA NA*TYP/2«l,0,l,S6«0/
C«* DATA NO.WAM/4/

00005290 
00005300 
OOOOS310 
00005320 
00005330 
00005340 
00005350 
00005360

Csssssa END OF EXAMPLE INCLUDE STATEMENTS rassasassa3S33ss8rs3ss3s83ssss00005370 
C 00005380 
C*«****************«*«***«««***«*************«*******************«****«*00005390 
C NOTES THE ABOVE EXAMPLE SIMULATES 00005400

'NAMELIST/NAME/A.BB,ICC.DDD_4' 
'REAO(IUMT,NAME.ENDs£OF)' 
'READCIUNIT.ANYNAM,ENDsEOF)' 
XN THE CALLING PROGRAM USING:

REALM A

COMMQN/NAME.LXST/A,BB(2),ICCC3).D0D,.4(4) 

CALL NAMeLXST(XUNXT,'SNAME',*EOF) 

CALL NAMELIST(IUNIT,'SANYNAM»,»EOF)

00005410
00005420
00005430
00005440
00005450
00005460
00005470
00005480
00005490
00005500
00005510
00005520
00005530

get**************************************************************  *****00005540 
C 00005550

»'.'N', 00005560 
00005570 
00005580 
00005590 
00005600 
OOOOS610 
00005620 
00005630 
00005640 
00005650 
00005660 
00005670 
00005680 
00005690 
00005700 
00005710 
00005720 
00005730 
00005740 
00005750 
00005760 
00005770 
00005780 
00005790 
00005800 
OOOOS810 
00005820 

GO TO 30 00005830

DATA C/'A'i'B'f'C'.'D'.'E'f'F'i'G'f'H'.'I'.'J'f'K'.'L
* 'a','P','0','R'.'S«,'T','U','V'.'*'.'X','Y'.'Z'.'..',
   «* *t f »i* *A* *c*  *    »* 'a* *o* *n* 1»«»J»*»3»O,/,O,»,U,* ' *»*s*, *=',*,*,*( ,'**,*)*.*.'.'**,*  /
J«LEN(NAME) 
IFCJ.LT.2.0R.J.6T.7) THEN
CALL ERRMSGCCALL NAMELIST ILLEGAL «ITK NAMCs '// 

i NAME//* (LENGTH<2 OR >7 CHART'S) *, 1 ,6, 0) 
ENDir 
XFCNAMECl'l) NE *S*)

1 CALL ERRMSGCCALL NAMELIST ILLEGAL WITH NAME* '//
2 NAME//' (1ST CHAR MUST BE "f" CHAR) ', 1 ,6,0) 

C  INITIALIZE 
XNAMEsO

10 REAO(IUNXT,il,ENOs99991,ERRs99992) BUF
11 FORMATCA80)

IF(INAME.EQ.l) GO TO 20 
C  LOOK FOR "SNAME"

IsINOCX(BUF,NAME)
IF(X.EO.O) GO TO 10
XNAME*!

JNAMaO 
XLENaQ 
VARNANs* 
NUMLENsO
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20 ICOL«1
30 CALL NONBLANK(BUF,LENBUF)
c*s8EGiN PARSER LOOP (THE BIG 20000 LOOP)

40

50

60
61
66

67

68

70

DO 20000 ISICOL.LENBUF
BUFI«BUF(l:l) 

DO 40 ICsl.27
IF(BUFI.EO.CCIO) GO TQ 100 

CONTINUE 
DO 50 IC«28.37 
IF(BUFI.EQ.CUC)) GO TO 200 
CONTINUE 
DO 60 ICs38.47 
IC.sIC-37
IFCBUFI.EQ.CCIO) GO TO 70 
CONTINUE
WRITE(6,66) I.BUF
FORMATC/' 4NAMELIST): ERROR IN FOLLOWING RECORD AT COL( ' ,12, ') 

I 1X,A80/<I>X.' - ')
CALL ERRHSGC 'ILLEGAL CHARa- '//BUFI// ' " FOUND' ,0, 6, 0) 
*RITE(6,66) I,BUF
CALL ERRMSG('NUMLEN<1 IN DECODEIX ',0,6,0) 
4RIT£(6,6*) I,BUF
CALL ERRMSG('NUMLEN<1 IN DECQDEX' ,0.6,0) 
GO TO (20000, 72. 73, 74,75, 76, 77, 78, 79. 79), 1C- 

C  '$* CHAR
72 IEND»1

IF(NUMLEN.GT.O) GO TO 798
IF(JNAM.EO.O) GO TO 99990
WRITE(6,66) I.BUF
CALL ERRHSGC 'MISPLACED "S" CHAR* ,0, 6,0) 

O-'«' CHAR
73 IEQ«1
C--CHECK FOR VALID VARNAM. LENGTH ILEN, ETC.

IF(ILEN.LT.l) GO TO 733
DO 732 J«1.NO.NAM
JNAMSJ
JLEN*NAMLCN(J)
IFCJLEN.NE.ILEN) GO TO 732
DO 731 Ksl.JLEN
IF(VARNAMCK:K).NE.NAM(JMAM)(KSK)) GO TO 732

731 CONTINUE
C  VARNAM VERIFIED OK TO PROCEED TO NUMFLDCS)
C

IDIMsNAMDIM(JNAM)
NUMLENsO
NDEC=0
NREPsl
NEXPsO
GO TO 20000

732 CONTINUE
HRITEC6.66) I.BUF
CALL ERRMSGC 'ILLEGAL VARNAMsV/VARNAM//' FOUND', 0,6,0)

733 4RITE(6,66) I,BUF
CALL ERRMSGC "MISPLACED "*  CHAR ',0,6,0)

00005840
00005850
oooosaso
00005670
oooosaso
00005890 
00005900 
00005910 
00005920 
00005930 
00005940 
00005950 
00005960 
00005970 
00005980 
00005990 
00006000 

'/ 00006010 
00006020 
00006030 
00006040 
00006050 
00006060 
00006070 
00006080 
00006090 
00006100 
00006110 
00006120 
00006130 
00006140 
00006150 
00006160
00006170
00006180
00006190
00006200
00006210
00006220
00006230
00006240
00006250
00006260
00006270
00006280
00006290
00006300
00006310
00006320
00006330
00006340
00006350
00006360
00006370
00006380



Program NL5TCX 
VAX Documentation

Paqe 45

C--',' CHAR 00006390
74 IF(NUMLEN.GT.O) GO TO 799 00006400

WRITE(6,66) X,BUF 00006410
CALL ERRMSGC'MISPLACED "," CHAR',0,6,0) 00006420

C»-*(* CHAR 00006430
75 IELE30 00006440

GO TO 20000 00006450
C»-'»» CHAR 00006460
76 IfCJNAM.EQ.O.OR.NUMLEN.LT.i.OR.NUMLEN.GT.S) GO TO 767 00006470
760 CALL DECODEIXCNUMFLD,NUMLEN,NREP,*67) 00006480

NUMLENaO 00006490
IFCNREP.GT.O.AND.NREP.LE.NAMDIMCJNAM)) GO TO 20000 00006SOO
 RITEC6.66) X,BUF 00006510
CALL ERRMSGC'REPEAT FACTOR <i OR >NAMOIM ',0,6,0) 00006520

767 «RXTEC6,66) I,BUF 00006530
CALL ERRMSGCREPEAT WIDTH > 5 OR MISPLACED "*" CHAR',0,6,0) 00006540

C-»*)' CHAR 00006550
77 IF(IELE.NE.O) GO TO 772 00006560

CALL DECOO£IX(NUMFLO,NUMLEN,IELE,*67) 00006570
IFCIELE.LT.i) GO TO 773 00006580
NREPsl 00006590
GO TO 20000 00006600

772 «RITEC6,66) I,8UF 00006610
CALL ERRMSG('MISPLACED ")" CHAR*,0,6,0) 00006620

773 *RITEC6,66) X,BUF 00006630 
CALL ERRMSGCARRAY XELE<1 OR >NAMOIM ',0,6,0) 00006640

C*-*.' CHAR 00006650
78 IFCJNAM.Efl.O.OR.NEXP.GT.O.OR.NDEC.GT.O) GO TO 781 00006660

NDECaNUMLEN+1 00006670
IF(NAMTYP(JNAM).EQ.l) GO TO 200 00006680

781 WRITEC6,66) X,BUF 00006690
CALL ERRMSGC'MISPLACED ".* CHAR',0,6,0) 00006700

C««'«* OR '*  CHAR 00006710
79 IF(IELE.GT.O.OR.NEXP.GT.O) GO TO 210 00006720

WRITE(6,66) I,BUF 00006730 
CALL ERRMSGC'MISPLACED "-" OR "+" CHAR',0,6,0) 00006740

C <ALP> CHAR 00006750
100 IF(NUMLEN.GT.O) GO TO 209 00006760

XF(ILEN.GT.O) GO TO 102 00006770
lEQaO 00006780
lELEal 00006790

102 ILENalLEN*! 00006800
IFULEN.GT.6) GO TO 101 00006810
VARNAM(ILEN:ILEN)aBUFI 00006820
GO TO 20000 00006830

101 WRITE(6,66) I,BUF 00006640
CALL ERRMSG('VARNAM>6 CHAR"S',0,6,0) 00006850

C <4-NUM> CHAR 00006860
200 IF(IELE.EO.O) GO TO 210 00006870

IFUEO.EQ.O) GO TO 102 00006880
GO TO 210 00006890

209 IF(BUFI.EQ.'E'.OR.BUFI.CQ.'D') THEN 00006900
NCXPaNUMLEN+1 00006910

ELSE 00006920
GO TO 61 00006930
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ENOIF
210 NUMLENaNUMLEN+1

ZFCNUMLEN.GT.20) GO TO 211 
NUMFLD(NUMLEN:NUMLEN)s8UFI 
GO TO 20000

211 WRZIEC6,66) I,BUF
CALL ERHMSGC'NUM F1ELO>20 CHAR**S*,0,6,0) 

C--PROCESS NUMBER FIELD 
799 IDIMaIDlM-1

ZF(ZDZM.LT.O) GO TO 10004 
798 ZF(NEXP.GT.O) GO TO 1000 
C (NEXPsOJ

IFCNDEC.GT.O) GO TO 899 
C CNEXPaO, NDEC=OJ

CALL OECOD£IXCNUMFLD,NUMLEN,IX,*67) 
C CONVERT IX AND STORE IN COMMON 
800 X=IX

ZFdELE.GT.NAMDIM(JNAM)) GO TO 773 
8000 GO TO (801,802,803,804,805,806,807,808,809,810,

* 811.812,813,814,815,816,817,818,819,820,
* 821,822,823,824,825,826,827,828,829,630,
* 831,932,833,834,835,836,837,838,839,840,
* 841,842,843,844,845,846,847,848,849,850,
« 851,852,853,854,855,856,857,858,859,860),JNAM

801 Vl(IEL£)sX 
GO TO 10000

802 V2CIELE)=X 
GO TO 10000

803 V3(IELE)»X 
GO TO 10000

804 V4(ZELE)sX 
GO TO 10000

805 V5(IELE)sX 
GO TO 10000

806 V6CIELE)sX 
GO TO 10000

807 V7(IELE)aX 
GO TO 10000

808 V8CIELE)»X
GO TO 10000 

909 V9(IELE)aX
GO TO 10000 

810 V10CIELE)=X
GO TO 10000

911 Vll(IELE)sX 
GO TO 10000

912 V12(ZELE)sX 
GO TO 10000

913 V13(IELE)=X 
GO TO 10000

814 V14(IELE)=X 
GO TO 10000

815 V15(IELE)=X 
GO TO 10000

816 V16(IELE)=X

00006940
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817

818

619

820

821

822

823

824

825

826

827

828

829

830

831

832

833

834

835

836

837

838

839

840

841

842

843

GO TO 10000
V17(IELE)=X
GO TO 10000
V18(IELE)=X
GO TO 10000
V19(ZELE)*X
GO TO 10000
V20(IEL£)=X
GO TO 10000
V21(IELE)*X
GO TO 10000
V22CIEL£)eX
GO TO 10000
V23(IELE)=X
GO TO 10000
V24(ZELE)=X
GO TO 10000
V25(IELE)=X
GO TO 10000
V26(IELE)=X
GO TO 10000
V27(IELE)=X
GO TO 10000
V28(IEL£)*X
GO TO 10000
V29(IEL£)=X
GO TO 10000
V30(ZELE)sX
GO TO 10000
V31(IELE)=X
GO TO 10000
V32CZELEJSX
GO TO 10000
V33CZELE)=X
GO TO 10000
V34(ZELE)=X
GO TO 10000
V3S(IELE)»X
GO TO 10000
V36(IELE)=X
GO TO 10000
V37(IELE)=X
GO TO 10000
V38CIELE)»X
GO TO 10000
V39(IELE)=X
GO TO 10000
V40CZELE)»X
GO TO 10000
V41(XELE)sX
GO TO 10000
V42(IELE)«X
GO TO 10000
Y43CIELE)»X
GO TO 10000
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844 V44(ZELE)aX
GO TO 10000 

64S V45(ZELE)sX
60 TO 10000

846 V46CZELE)«X 
GO TO 10000

847 V47(ZELE)sX 
GO TO 10000

848 V48(ZELE)«X 
GO TO 10000

849 V49<ZELE)sX 
GO TO 10000

850 V50(IELE)=X 
GO TO 10000

851 V5l(ZELE)sx 
GO TO 10000

852 V52CZELE)sx 
GO TO 10000

853 V53(IELE)=X 
GO TO 10000

854 V54CZELE)»X 
GO TO 10000

855 V55CZELE)«X 
GO TO 10000

856 VS6(ZEL£)=X 
GO TO 10000

857 V57(ZELE)sX 
GO TO 10000

858 VS8CZELE)=X 
GO TO 10000

859 V59(ZELE)=X 
GO TO 10000

860 V60CZELE)=X 
GO TO 10000 

C CNEXP=0, NDEOOJ
899 CALL DECODEXCNUMFLD,NUMLEN,NDEC,X,*68) 
C CONVERT X AND STORE IN COMMON
900 ZF(ZELE.GT.NAMOZM(JNAM)) GO TO 773

GO TO 8000 
C CNEXP>OJ
1000 ZF(NDEC.GT.O) GO TO 2000 
C--[NEXP>0, NDEC*OJ

CALL DECODEZX(NUMfLD,NEXP-l,ZX,»67)
X = IX 

1002 J«l
00 1001 KsNEXP+l,NUMLEN
NUMFLD(JtJ)sNUMFLO(K:K) 

1001 J=J+1
CALL D£CODEZXCNUMFLD,NUMLEN-NEXP,ZE,*67)
XsX*10.**ZE 

C** <LATER ZNSERT A CALL TO A OVERFLOW HANDLER, ETC.)
GO TO 900

C CNEXP>0, NDEOO] 
2000 CALL OECODEX(NUMFLD,N£XP-1,NDEC,X,*68)

GO TO 1002
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C  NEXT IELE?
10000 IELEslELE+1

IFUELE.GT.NAMOIMUNAH)) GO TO 10002 
IF(NREP.GT.l) GO TO 10003

10001 IF(IENO.EQ.l) GO TO 99990 
NUMLENaO 
NOEC»0 
NEXPsO

ILENsO 
VARNAM*' * 
GO TO 20000

10002 XELEsl
GO TO 10001

10003 NREPaNREP-1 
IDIMaIDIM-1 
IF(XDXM.GE.O) GO TO 9000

10004 *RITE(6,66) I,BUF
CALL ERRMSGC'TOO MANY ELEMENTS FOR GIVEN NAMOIM. ' ,0,6,0) 

C«END OF 00 20000 CONTINUE PARSER -OR- READ IN NEXT BUF, ETC. 
20000 CONTINUE

GO TO 10 
O-'S' CHAR (DELIMITER SCEND] FOR THIS SNAME --$)
99990 RETURN
C  E.O.F. ON FILE IUNIT ENCOUNTERED.
99991 RETURN 1
99992 CALL ERRMSG< 'CANNOT OPEN/READ CALL NAMELI5T( IFIL6, ...)', 1 ,6,0)

END
SUBROUTINE DUMYPCODEO 

C  DUMMY PCODE FOR USE IN 'MARQRT' OR 'NLSOL'
CALL ERRMSGC'IDERaO NOT AVAILABLE IN THIS VERSION .' , 4,6, 16)
END
SUBROUTINE SIGSUBENDU, X,B,K,N, TITLE, IOUT)

C«»GENERAL SUBEND TERMINATION ROUTINE WITH 'SIGMA' NAMES. 
C ALSO GIVES RESTART SPARMS ON UNIT=4 AS 'FOR005.THP' 
C

CHARACTER*132 LINE
CHARACTER'80 TITLE
REAL Y(1),X(SOO,5),BC1)
CALL NONBLANK(TITLE,NB)
WRITE(6,10) TITLE 

10 FOR««AT(//' * *«»«** END  *«**»«* ',SX,A<NB>//
1 ' PARAMETER NAME' ,6X, 'FINAL SOLUTION ', 8X ,
2 'RESISTIVITY LAYER DEPTH'/)
IF(IOUT.EQ.l) WRXTE(16,10) TITLE
MN3(K+l)/2
DO 30 Ial,MM
R»l. 0/8(1)
WRITE(6,20) I,I,B(I),I,R 

20 FORMAT(2X,I3,3X,'SIGMA(',I2,') a' ,E16.8,2X,I2.C16.8)
IF(IOUT.CQ.l) WRITE(16,20) I, I, 8(1), I, R 

30 CONTINUE
KlaO
IF(K.EQ.l) GO TO 60
IFCK.E0.2) 60 TO 52

P«<J« 49
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M2SMM+1

IF(MOD(K,2).EQ.O)
DsO.O
00 50 I=M2,K1
DsD+BCI)

40

SO

52
54

*RITEC6,40) I,
FORMAT(2X,I3,3X,'THICK<',I2,') =' ,E16.8 ,22X,I2,E16.8)
IF(IOUT.EQ.l) -RITE(16,40) I,L,B(I),L,D
CONTINUE
IF(Kl.EQ.K) GO TO 60
WRITE(6,54) K,B(K)
FORMAT(2X,I3,3X,'SHIFT',5X,'s',E16.8)
IF(IOUT.EQ.l) WRIT£U6,54) K,B(K) 

C«* GENERATE RESTART SPARMS ON FOR005.TMP 
60 REWIND 5

OPEN (UNIT:=4,FXLEs'FOR005. IMP', STATUS* 'NEW, 
1 CARRIAGECONTROLs'LIST')
R£AD(5,65,ENDs999) LINE

65 FORMAT(A)
CALL NONBLANK(LINE,NB) 
WRITE(4,66) LINE

66 FORMAT(A<NB»
IDOL=0

70 READ(5,65,END=999) LINE 
I=INDEX(LINE,'S') 
IFCI.NE.O) THEN

IF(IDOL.EQ.O) THEN 
IOOL=1
J«INOEXCLINE( 1*1 :},'$') 
IF(J.NE.O) THEN 

IDOLs2
LINE(J:J)s',' 

ENOIF 
ELSE

IDOL=2
LINE(X«I)s',' 

ENDIF 
ENOIF
CALL NONBLANK(LXNE,NB) 
WRITE(4,66) LINE 
IFCIOOL.LT.2) GO TO 70 
LINE(l:)='Bc' 
00 80 1=1, K
ENCODE(16,90,LINC(3:18)) 8(1) 

90 FORMATCG16.8)
IF(I.LT.K) THEN

LlMEC19»l9)s',' 
ELSE

LXNE(l9ll9)s'$* 
ENOXF
CALL NONBLANK(LXNE,NB) 
WRITEC4,66) LINE 
LINEC1I2)*' '

Paqe 50
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80
100

999

00009690 
00009700 
00009710 
00009720 
00009730 
00009740 
00009750 
00009760 
00009770 
00009780 
00009790 
00009800 
00009810 
00009820 
00009830

E.G., USE TO TIME ELAPSED & CPU TIME FOR PROGRAM OR CQDE SEGMENTS AS:00009840
00009850

CALL SCTTIME ! DON'T FORGET TO DO THISi 00009860 
>»» THE CODE TO TIME IS HERE <«« ! USUALLY A COMPLETE PROGRAM00009870

CONTINUE
READ(5,65,END=999) LINE
CALL NONBLANK(LINE,NB)
WRITE(4,66) LINE
GO TO 100
RETURN
END
SUBROUTINE CPUTIMEdl, 12)

CPUTIME WRITES "ELAPSED & CPU" TIME FROM PREVIOUS "CALL SETTIME" ON 
FORTRAN UNITS II (IF NOT 0) AND 12 (IF NOT 0).

WILL EJECT FIRST IF Il>0 (OR I2>0). 
DOUBLE SPACE FIRST IF Il<0 (OR I2<0).

60

CALL CPUTIM£(-6,16) ! OR USE II OR 12=0 TO OMIT WRITE.

SAVE
INTEGERM ABSVAL ( 4) , INCRVALC 4 ) 
CALL PROCINFO(ABSVAL,INCRVAL) 
TIMESsSECNDS(TIMEO) 
MINsTIMES/60.0 
SECsAMOD (TIMES, 60.0) 
CPUSECsINCRVAL(l)*.01 
IMINsCPUSEC/60.0 
CSEC=AMOD(CPUSEC,60.0) 
PCPUslOO.*(CPU5EC/TXMES) 
IF(Il.NE.O) THEN 

IF(Il.GT.O) THEN
J31

ELSE
JsO 

ENDIF 
WRITE(IABS(It),60) J, TIMES, MIN , SEC, CPUSEC, IMIN.CSEC, PCPU,
(INCRVALCI),I=2,4)

FORMAT(I1,65('S')/' TOTAL "ELAPSED" TIME*' ,F16.2,   SEC. ( 
14,' MIN.',F6.2,' SEC.)'/

CPU_TINE»',F15.2.' SEC. (',14,' M. ',F5.2, 
S.) CPU % »',F6.2,'%'/ 
aUF.I/O.COUNT«',I10/ 
DXR.I/O.COUNTa',ZlO/ 
PAGE_FAULTS*',2X,I10X

ENDIF
IFU2.NE.O) THEN 

IFCI2.GT.O) THEN

CLSC
J30

ENOIF 
WRITE(IABS(I2),60) J, TIMES, MIN, SEC, CPUSEC, IMIN.CSEC, PCPU,
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1 (INCRVALCI),Is2,4)
ENOIF
RETURN 

ENTRY 'CALL SETTIME'  MUST BE DONE BEFORE 'CALL CPUTIMECI 1 , 12)
ENTRf SETTIMEC)
TIMEOsSECNDS(O.O)
CALL PROCINFO(ABSVAL r INCRVAL)
RETURN
END
SUBROUTINE DECODEIXCNUMFLD, NUMLEN, IX, *) 

C--USED IN CALL NAMELISTCIUNIT, 'SNAME' , *)
CHARACTER*9 FMT
CHARACTER*20 NUMFLO
IF(NUMLEN.LT.l) RETURN 1
IDIFF320-NUMLEN
IF(IDIFF.EQ.O) THEN

ENCODE(9,991,FMT) NUMLEN
ELSE

ENCQDE(9,992,FMT) NUMLEN, IDIFF
ENDIF
FORMATC'CI',I2,' )')
FORMAT('(I*,I2,',',I2,'X)')
DECODEC9, FMT, NUMFLD) IX
RETURN
END
SUBROUTINE DECODEX (NUMFLD, NUMLEN ,NDEC,X, *) 

O- USED IN CALL NAMELISTC IUNIT, 'SNAME' , *)
CHARACTER*12 FMT
CHARACTER*20 NUMFLD
IF(NUMLEN.LT.l) RETURN 1
LENDECsNUMLEN-NDEC
IDIFF=20-NUMLEN
IFCIDIFF.EQ.O) THEN 
£NCODE(12,991,FMT) NUMLEN ,LENDEC
ELSE 
ENCODE (12, 992, FMT) NUMLEN , LENDEC , IDIFF
ENDIF
FORMATC'(F',I2,'.',I2,' )')
FORMATC'(F',I2,'.',I2,',',I2,'X)')
DECODE(12, FMT, NUMFLD) X
RETURN
END
REAL'S FUNCTION OERF(X)

991
992

991
992

DERF COMPUTES THE ERROR FUNCTION TO ABOUT 15-PLACES. 
SEE MATH. OF COMP., V.22,N.101,JAN,1968.

IMPLICIT REAL*8 (A-H,0-Z)
DIMENSION A1C19),A2C19)
DATA PI/3.141592653589793DO/
DATA Al/.7032250027437754DO,.330501521916606200,

1 .201339747264706300,.108630245022740700,
2 .46775523432484860-1,.1539857261571020D-1,
3 .3801507679852987D-2,.69718379240802870-3,
4 .9449092688104550D-4,.9432811698383668D-5,
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5 .691927520 325 140 10*6,. 3722523493691 0800*7,
6 .1466606 1423380010*8,. 42261 6 14431 80490*10,
7 .88978652672330*12, . 1367604447570-1 3,
8 .15334234250-15 ,.125367510-17,. 745170*207 
DATA A2/. 247255168 140052100,.! 44227226361 5747DO,

1 .86989454995934550-1,. 43977 338 194083370-1, 
17243962588662260*1,. 5079069612202S70D-2, 
11096064534234070-2,. 17 922801 625486 1 7D-3, 
21040458307 325 140-4,. 1820663 1636434080-5, 
1 1533099094436940*6,. 5342750276030827D-8, 
18084858780951270-9,. 446968229248810-11,

7 .8060688 389450-13,. 10601 3646360-14,
8 .1016492770-16, .7 100050-1 9,0. ODO/ 
IFCX.EQ. 0.000) THEN
DERF=O.ODO
RETURN 

ENOIF
B*.4DO*X
S=DSIN(B)
C=OCOS(B)

10

C
C  
C 
C 
Cc-«
C
C
C-
C
C

ALP»C2*C-1.DO
SUMsO.OOO
DO 10 N=l,19

SUMsSUM-KAl<N)+C2«A2(N))*ALP**(N-i)
CONTINUE 

DERF»B/PI+S»SUM 
RETURN 
END 
SUBROUTINE DFINDCXO,NHALF,XM,FCT,XL,XH,IER)

"FIND" FIRST FCTCXL) AND FCT(XR) WITH OPPOSITE SIGNS
IN RANGE X=(XO,XMJ USING MAX. 2*NHALF BISECTIONS, KHERE
FCT IS A REAL'8 EXTERNAL DECLARED FUNCTION.

'IF NO SIGN CHANGE IN (XO,X*1, EXITS «ITH IER = l 
(ELSE IBRsO MEANS XL AND XR FOUND).

'USE BEFORE CALL ORTMI (X , F , FCT , XL , XR , EPS , M AXITR , IER ) 
TO FIND GUARANTEED ROOT OF FCT(X)«0 dY MUELLERS ITERATION,

IMPLICIT REAL'8 (A-H,0-Z)
XLsXO
SIGNXRsOSlGN( 1.00, FCT (XM))

DO N«1,NHALF

IF(OSIGN(1.00,FCT(X)).NE.SIGNXR) GO TO 10
XRsX 

ENDDO
XL«0.5DO«(XO+XM) 
XR=XM 
DO Nal,NHALF

X30.5DO*(XL+XR)
IF(DSIGN(1.00,FCT(X))«NE.SIGNXR) GO TO 20
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ENDDQ

RETURN 
10 IER30

XL=X
RETURN 

20 lERaO
XRsX
END
SUBROUTINE DRTMI(X,F,FCT,XLI,XRI,£PS,IEND,I£R> 

C  IBM SSP ROUTINE, P. 219, TO SOLVE FCT(X)=0 BY MUELLERS ITERATION
IMPLICIT REAL*8 (A-H,0-Z)
IER=0
XLsXLI
XRSXRI
XaXL
TOL«X
FsFCT(TOL)
IFCF)1,16,1

1 FL=F 
XsXR 
TOL=X 
FaFCTCTOL) 
IF(F)2,16,2

2 FRsF
IF(DSIGNC1.DO,FL)+DSIGN(1.DO,FR>)25,3,25

3 1=0
TOLF=100.DO*EPS

4 I=Ifl
DO 13 K=1,IENO 
X=.5DO»(XL*XR)

10
11
12

FsFCTCTOL)
IFCF)5,16,5
IF(DSIGN(1.DO,F)*OSIGN(1.DO / FR))7,6,7
TOL=XL

XRsTQL
TQL«FL
FLsFR
FRsTOL
TOLsF-FL
A=F»TOL
A«A<fA
IFCA-FR*CFR-FL))8,9,9
IF(I-IEND)17,17,9
XR=X
FR=F
TOL=EPS
AsDABSCXR)
IF(A-1.00)11,11,10
TOL=TOL*A
IF(OABS(XR"XL)-TOL)12,12,13
IF(OABS(FR-FL)-TOLF)14, 14,13
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13

14
15

16
17

IB

19
20
21
22
23

24

25

CONTINUE
IERM
IFCDABSCFR)-DABSCFL))i6 f l6,15
XsXL
FSFL
RETURN
AsFR-F
DX»(X-XL)*FL*(UDO*F*(A-TOL)/(A*(FR-FL)))/TOL
XMsX
FMSF
XSXL-DX
TOLsX
F«FCT(TOL)
IFCF)18,16,18
TOLsEPS
AsOABS(X)
IF(A-1.00)20,20,19
TOL=TOL*A
XF(DABS(DX)-TOL)2l,2l,22
XFCDABSCD-TOLF) 16,16,22
IF(DSXGN(1.DO,F)*DSIGN(1.DO,FL))24,23,24
XRsX
FRsF
GO TO 4
XL*X
FL»F
XR = XM
FR«FM
GO TO 4
XERs2
RETURN
END
SUBROUTINE ERRM5GC*5G,XSKXP,IUNIT1,XUNIT2)

GENERAL ERROR MESSAGE OUTPUT AND EXIT ON VAX-11/780

MSG»(») s VARIABLE-LENGTH 'MESSAGE*
ISKIP 9 0 FOR NO BLANK LINE BEFORE OUTPUT TO IUNIT1 « IUNXT2

> 0 FOR ONE BLANK LINE BEFORE.
XUNIT1 a 0 TO SUPPRESS OUTPUT ON IUNIT1 (>0 TO WRITE ON XUNXTi). 
XUNXT2 * 0 TO SUPPRESS OUTPUT ON XUNXT2 (>0 TO toRITE ON IUNIT2).

MESSAGES ARE WRITTEN IN THE FORM: 

<ERRMSG>S .MSG.HERE.

CHARACTERS*) MSG
X'LEN(MSG)
DO i J»l,2

IF(J.EQ.l) THEN 
JUNITsXUNlTl

ELSE
JUNIT«IUNIT2 
ENDXF 
IF(JUNIT.GT.O) THEN

00011890
00011900
00011910
00011920
00011930
00011940
00011950
00011960
00011970
00011980
00011990
00012000
00012010
00012020
00012030
00012040
00012050
00012060
00012070
00012080
00012090
00012100
00012110
00012120
00012130
00012140
00012150
00012160
00012170
00012180
00012190
00012200
00012210
00012220
00012230
00012240
00012250
00012260
00012270
00012280
00012290
00012300
00012310
00012320
00012330
00012340
00012350
00012360
00012370
00012380
00012390
00012400
00012410
00012420
00012430
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1

2
3

C
C
C
C
C
C
C

IF(ISKIP.EQ.O) THEN
4RITE(JUNIT,2) MSG
ELSE

WRITE(JUNIT,3> MSG
ENDIF

ENOIF
CONTINUE
CALL EXIT
FORMATUX, MERRMSG): ',A<I»
FORMATC/1X,'{ERRMSG>: ',A<I»
END
SUBROUTINE INTEG1 (N ,X, Y, YO)

THIS ROUTINE INTEGRATES A FUNCTION'S VALUES (Y
AS A FUNCTION OF X) FROM 0 TO X BY CALCULATING THE CUBIC
SPLINE COEFFICIENTS AND INTEGRATING THE RESULTING
CUBIC POLYNOMIAL APPROXIMATION. THE Y VALUES ARE
REPLACED BY THE INTEGRATED VALUES.
YO IS THE VALUE OF Y AT X=0.0 (ASSUMES THAT ALL INPUT
X > 0).

DIMENSION X(N),Y(N)

00012440
00012450
00012460
00012470
00012480
00012490
00012500
00012510
00012520
00012530
00012540
00012S50
00012560
00012570
00012580
00012590
00012600
00012610
00012620
00012630

DIMENSION A (200), 8(200), C(200) ,PC200) ,S(200) ,PS(2) , XI ( 200 ),Y1( 200) 00012640

i
i

C
C
£

C
! C

DATA PS/0.0,0.0/
00 1 1*1, N
xiu+usxu)

1 Yl(I+l)sY(I)
Xi(i)sO.O
Yl(l)sYO
NlsN+i
CALL SPLIN1(N1,0,X1,Y1,A,B,C,0,PS,P,S)
YCl)«XCl)*(YO+XCim(l)/2.+XCl)*X(l)*BCl)/3.+X(l)**9*CCl)/4.)
NlsN-1
DO 10 1=1, Nl
ZsX(I-fl)-XU)

10 YCI+l)«Y(I)+Z*CYlCX+l)*ACI+i)*Z/2.*BCZ*l)*Z*Z/3.+C(Z*l)*Z**3/4.)
RETURN
END
SUBROUTINE MZNMAX(A.N,AMZN,AMAX)
DIMENSION A(l)
AMlNsA(l)
AMAXsAMIN
DO 1 I=2,N
AMINSAMINKAMIN, A (I))
AMAX=AMAX1(AMAX,A(I) )

1 CONTINUE
RETURN
END
SUBROUTINE NL50L(FCODE,PCODE, SUBZ,SUBEND)

<NLSOL>: GENERAL NONLINEAR LEAST-SQUARES SOLUTION {2/9/82}
USING DENNIS ET AL (1979; SEE REF1 BELOW)
ADAPTIVE NONLINEAR LEAST-SQUARES ALGORITHM.

' C** THIS IS AN INTERFACE ROUTINE WRITTEN FOR THE VAX-11/780 BY
C
C

W.L.ANDERSON, U.S. GEOLOGICAL SURVEY, DENVER, COLORADO.

00012650
00012660
00012670
00012680
00012690
00012700
00012710
00012720
00012730
00012740
00012750
00012760
00012770
00012780
00012790
00012800
00012810
00012820
00012830
00012840
00012850
00012860
00012870
00012880
00012890
00012900
00012910
00012920
00012930
00012940
00012950
00012960
00012970
00012980
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C*» THIS INTERFACE (NLSOL) HAS ADDITIONAL OPTIONS (BESIDE REF1) TO:
Cl)

(2)

00012990
00013000
00013010
00013020
00013030
00013040
00013050

PERFORM EITHER UNCONSTRAINED OR UP TO 4-TYPES OF CONSTRAINED 
ADAPTIVE NONLINEAR REGRESSION FOR ARBITRARY NONLINEAR PROBLEMS 
(I.E., PARTIAL OR FULL LOWER/HIGHER PARAMETER BOUNDS, ETC.) 
HOLDING CERTAIN PARAMETERS FIXED (I.E., AS CONSTANTS) IN THE 
LEAST-SQUARES (THIS IS ANOTHER FORM OF CONSTRAINING SOLUTION 
SPACE).

(3) PROVIDE FOR WEIGHTED OBSERVATIONS (I.E., WEIGHTED LEAST-SQUARES)00013060
(4) OBJECT (RUN)-TIME CONTROL OF READING THE DATA MATRIX, PLUS 00013070 

MANY OTHER I/O OPTIONS, ETC. 00013080
(5) OPTIONALLY, ONE CAN USE EITHER ESTIMATED PARTIAL DERIVATIVES, OR00013090 

ANALYTICAL PARTIAL DERIVATIVES (IF SUBROUTINE PCODE AVAILABLE). 00013100
00013110 
00013120

SUBEND (SEE DETAILS BELOW) EXACTLY AS USED IN SUBROUTINE 'MARORT' 00013130 
(SEE REF2) OR 'IMSLMQ* (SEE REF3). ALSO, THE SAME PARAMETER FILE 00013140 
FOROOS AND OBJECT (RUN)-TIME DATA MATRIX FILE FOR010 AS USED BY 00013150 
EITHER XARQRT OR IMSLMQ MAY BE USED IN 'MLSOL'. 00013160

00013170

C** THE USER ONLY NEEDS TO WRITE SUBROUTINES FCODE, PCODE, SUBZ, AND 
C 
C 
C 
C 
C
C*» NLSOL CALLS NLITR WHICH CALLS 'NL2ITR' AS PUBLISHED BY DENNIS ET AL,00013180 
C (SEE REF1, P. 38), OR 'NL2SNQ' (SEE REF1, P. 35). 00013190 
C 00013200 
C*« REF1S DENNIS, J.E., ET AL, 1979, AN ADAPTIVE NONLINEAR LEAST* 00013210 
C SQUARES ALGORITHM, NTIS REPORT AD-A079-716. 00013220 
C 00013230 
C REF2: ANDERSON, W.L., 1980, PROGRAM MAROHXY: INVERSION OF HX AND HY00013240 
C FREQUENCY SOUNDINGS FROM A GROUNDED wIRE SOURCE, USGS OPEN- 00013250 
C FILE REPT. 80-901. 00013260 
C 00013270 
C REF3: ANDERSON, W.L., 1980, PROGRAM IMSLEXY: INVERSION OF EX AND EY00013280 
C FREQUENCY SOUNDINGS FROM A GROUNDED WIRE SOURCE, USGS OPEN* 00013290 
C FILE REPT. 80-1073. 00013300 
C 00013310 
C*******«*****»*»«* »»***»»**«***«»»*»*»*»***  «* *«*« «*«****«« ««*    00013320 
C 00013330 
C**** THE USER MUST DECLARE THE CALLING PARAMETERS AS EXTERNAL IN THE 00013340 
C CALLING PROGRAM (ANY DESIRED NAMES MAY BE USED). 00013350 
C E.G., 00013360 
C 00013370 
C (MAIN]: 00013380 
C EXTERNAL MY.FCODE,MY.PCODE,MY.SUBZ,MY.SUBENO 00013390 
C CALL NL50L(MY.FCODE,MY.PCODE,MY.5UBZ,MY.SUBENO> 00013400 
C STOP !<OR USE>: CALL EXIT 00013410 
C END 00013420 
C CFCODEj: 00013430 
C SUBROUTINE MY.FCODE(Y,X,B,W,F,IN,IDER) 00013440 
C USER WRITTEN TO EVALUATE THE NONLINEAR OBJECTIVE FUNCTION (F) 00013450 
C USED IN NLSOL AS THE WEIGHTED SUM OF (Y(IN)-F)**2, WHERE 00013460 
C Y» OBSERVED DEPENDENT VARIABLE ARRAY (DIM. N, WHERE N IS 00013470 
C GIVEN IN SPARMS NAMELIST INPUT SEE BELOW). 00013480 
C X» OBSERVED INDEPENDENT VARIABLE ARRAY (DIM. N,M. WHERE 00013490 
C M IS IN SPARMS INPUT). 00013500 
C B» CURRENT PARAMETER ESTIMATES (DIM. K* WHERE 00013510 
C K IS IN IPARMS INPUT). 00013520 
C W» WORK ARRAY (DIM. 5) MAY BE USED TO PASS DATA TO PCODE. 00013530
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C F= (OUTPUT) THE FUNCTION VALUE EVALUATED FOR THE GIVEN
C Y,X, AND B ARRAYS AT THE OBSERVATION NO. 'IN'.
C INS (INPUT) OBSERVATION NO. TO EVALUATE F ( 1 .LE. IN.LE.N) ,
C WHICH IS CONTROLLED EXTERNALLY BY 'NLSOL'. USUALLY,
C INsl,2,...,N  BUT NOT ALWAYS.
C IDERs 0 IF ANALYTICAL DERIVATIVES ARE USED CPCODE CALLED
C AFTER FCODE).
C = 1 IF ESTIMATED DERIVATIVES ARE USED (PCODE NOT CALLED
C AFTER FCODE).
C DIMENSION Y(1),X(500,5),B(1),W(5)
C>»» INSERT USER CODE HERE TO EVALUATE F <««
C END
C CPCODEJ : » PCODE MAY BE A DUMMY NAME IF ONLY IDER*l IS TO BE USED.
C SUBROUTINE MY_PCODE(P,X , B,W,F, IN, IP, IB)
C USER WRITTEN TO EVALUATE THE ANALYTICAL PARTIAL DERIVATIVES OF
C F WITH RESPECT TO B( J) , J=l , 2, . . . ,K, AT OBSERVATION 'IN', *HERE
C PS (OUTPUT) PARTIAL DERIVATIVE ARRAY (DIM. K, WHERE
C K IS IN SPARMS INPUT).
C X,B,W ARE THE SAME AS USED IN FCODE (SEE ABOVE).
C F« LAST FUNCTION VALUE FROM FCODE AT OBSERVATION IN.
C (NOTE THAT F MAY NOT BE NEEDED, BUT IS AVAILABLE ANYWAY)
C INs (INPUT) OBSERVATION NO. TO EVALUATE P ARRAY, MHICH IS
C CONTROLLED EXTERNALLY BY 'NLSOL' ( 1 .LE.IN .LE.N ) .
C IP* (INPUT) THE NO. OF B-PARAMETERS HELD FIXED IN THE LEAST-
C SQUARES (O.LE.IP.LE.K-l; USE IPsO IF NONE).
C IBs ARRAY OF B-PARAMETER INDICES HELD FIXED IF IP.GT.O.
C NOTE THAT THE INDICES IN IB ARRAY MAY BE IN ANY ORDER,
C BUT MUST BE BETWEEN 1 AND K (K IS IN SPARMS INPUT).
C DIMENSION P(1),X(500,5),8(1),W(5),IB(1)
C>»» INSERT USER CODE HERE TO EVALUATE P <««
C END
C CSUBZJ :
C SUBROUTINE MY.SUBZ(Y,X,B,W,Nh,N,TITLE,IOUT)
C USER -RITTEN INITIALIZATION ROUTINE (CALLED ONCE BY 'NLSOL').
C SUBZ MAY BE USED TO CHECK Y (IN) , X(IN , M) AFTER INPUT VIA
C OBJECT (RUN)-TIME INPUT (SEE BELOW) ON UNIT IALT. ALSO, SUBZ
C MAY BE USED TO READ ADDITIONAL SINIT PARAMETERS, AND TO LOAD
C ANY COMMON BLOCKS IF NEEDED IN THE USERS FCODE, PCODE.
C Y,X,B,W ARE THE SAME AS USED IN FCODE (SEE ABOVE).
C NWs USE ANY DUMMY INTEGER VARIABLE (THIS IS
C TO MAINTAIN COMPATIBILITY WITH 'MARORT' OR 'IMSLMQ').
C N3 NO. OF OBSERVATIONS IN Y(N),X(N,M) ARRAYS, WHERE
C K.GE.N.LE.500 (N,M,K ARC IN SPARMS INPUT).
C TITLES (INPUT) 80-CHARACTER HEADING (SEE INPUT FOROOS BCLOW).

; C lOUTs i IF TO WRITE OUTPUT ON BOTH FOR006 AND FOR016.
C s o IF TO WRITE OUTPUT ONLY ON FOR006.
C DIMENSION Y(1),X(500,5),B(1),W(S)
C CHARACTER'80 TITLE
C>»» INSERT USER CODE HERE FOR ANY INITIALIZATION DESIRED <««
C END
C CSUBENDJ:
C SUBROUTINE MY.SUBEND( Y,X,B,K,N , TITLE, IOUT)
C USER WRITTEN TERMINATION ROUTINE (CALLED ONCE BY 'NLSOL').
C SUBEND MAY BE USED TO OUTPUT THE FINAL SOLUTION VECTOR B(I),

  C 1=1,2, ...,K, IN OTHER FORMS, ETC., AS DESIRED. [OR IT MAY BE A

00013540
00013550
00013560
00013570
00013580
00013590
00013600
00013610
00013620
00013630
00013640
00013650

«00013660
00013670
00013680
00013690
00013700
00013710
00013720
00013730
00013740
00013750
00013760
00013770
00013780
00013790
00013800
00013810
00013820
00013830
00013840
00013650
00013*60
00013870
00013880
00013890
00013900
00013910
00013920
00013930
00013940
00013950
00013960
00013970
00013980
00013990
00014000
00014010
00014020
00014030
00014040
00014050
00014060
00014070
00014080
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DUMMY ROUTINE; I.E., JUST RETURNS.]
Y,X,K,N,TITLE,IOUT ARE THE SAME AS IN SUBZ AND FCOOE.
8= (INPUT) IS THE FINAL SOLUTION VECTOR AS DETERMINED BY
 NLSOL' (SEE REF1 FOR DETAILS). 

DIMENSION YU),X(500,S),BU) 
CHARACT£R*80 TITLE

INSERT USER CODE HERE FOR ANY TERMINATION SUMMARY DESIRED 
END

00014090 
00014100 
00014110 
00014120 
00014130 
00014140 

<««00014150 
00014160 
00014170

£***********************************************************************00014180 
C 00014190

00014200 
00014210 
00014220 
00014230 
00014240 
00014250 
00014260 
00014270 
00014280 
00014290 
00014300 
00014310 
00014320 
00014330 
00014340 
00014350 
00014360 
00014370 
00014380 
00014390 
00014400

C
C 1 
C 2, 
C 
C
c 
c 
c
C 3,
C
C

INPUT ORDER ON FOROOS (PARAMETER FILE LOGICAL NAME):

TITLE (MAX. 80-CHARACTERS ALWAYS READ BEFORE SPARMS INPUT). 
SPARMS (SAME DEFINITIONS AS IN 'MARORT*, REF2, OR IN 'IMSLMQ',
REF3), WHICH INCLUDES: N,K,IP,M,IALT,ISTOP,IWT,IDER,
IPRT,NITER,IOUT,SP,BO,leo; PLUS THE FOLLOWING PARAMETERS FROM
REFl (NL2SOL), P.31-35: IV(),V(); IN ADDITION, THE LOWER AND 
UPPER BOUND ARRAKS BL(),BH(), RESPECTIVELY, ARE REQUIRED IF 
SP>2.

, (OBJECT-RUN-TIME FORMAT STATEMENT) TO DESCRIBE THE FORMAT OF THE 
DATA MATRIX ROW Yd),(X(I,J),J«l,M«) READ ON FILE IALT, WHERE 
M*sM (IF HT«0) OR M*8M+1 (IF IWT>0), M.LC.4, AND 1=1,2,...,N.

C (3A). INSERT DATA MATRIX HERE ONLY IF IALT«5.
C 4,
C
C
c
c
C 5, 
C
c

SINIT OPTIONAL NAMELIST USED FOR READING PROBLEM-DEPENDENT
PARAMETERS USED IN SUBROUTINE SUBZ (SEE ABOVE). CURRENTLY,
THE FOLLOWING SINIT NAMES (AND DIM.) CAN BE USED: IOB,MM,XO,¥0,
L,EP,EPS,NEPS,METHOD,NFIN,IER,MEV,IOPT,NSIG,MAXFN,DELTA,PARK(4),
AND IRATIOC2).
OPTIONALLY, REPEAT STEPS 1-4, IF PARAMETER ISTOPsO WAS USED
IN THE LAST STEP 2.

C** OUTPUT IS GIVEN ON FOROOS (ON-LINE USUALLY) AND ON FOR016UF IOUT=1)00014410 
C FOR016 CONTAINS ALL PRINTABLE OUTPUT SELECTED VIA SPARMS IPRT,IOUT. 00014420
c NOTE: IPRT=O GIVES ABBREVIATED OUTPUT ON rosooe (BUT MORE ON FOROi6)oooi4430
C IPRTsl OR -2 GIVES DETAILED OUTPUT ON BOTH 6 AND 16. 00014440
C IPRTs-1 GIVES MODERATE OUTPUT ON 6 (DETAILED ON 16). 00014450
C 00014460
C** TO RUN ON VAX (ELIMINATE <> DELIMITERS IN SUBSTITUTIONS): 00014470
C 00014480
C (ASSIGN PARAMETER FILE NAM£> FOROOS 00014490
C (ASSIGN <DATA MATRIX FILE NAM£> FOR010 00014500
C SRUN <MAIN NAME> 00014510

00014520

C 00014540
cssssssssssssss$sssssssss$sssssssssss$ss$sssssssssssssssssssssss$sssssssoooi4550
CSS CHANGE THE FOLLOWING FORTRAN-77 PARAMETER STATEMENT ONLY IF 00014560
CSS INCREASING THE DEFAULT DIMENSIONS FOR NLSOL: 00014570

PARAMETER (NDlMs500,MDIM«5,KDIMs20) 00014580
CSS WHERE NOIMsMAX.OBS., MDIMsMAX.INDEP.VARS., KDIM*MAX.UNKNOWN PARMS. 00014590
CSS DO NOT CHANGE THE FOLLOWING RELATED PARAMETER STATEMENT: 00014600

PARAMETER (K10IMaKDIM-i,K2DIM«KDIM*KOI*,MlDIMsMOIM-l, 00014610
1 IVDIM*KDIM+60,NKVDlMs96+2*NOlM+(KDIM*(7*KDIM+41))/2) 00014620

CSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSOOO14630
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C**
C
C
C
C**
C

REALM L
DIMENSION B(KDIM),SOWT(NDIM),IB(K1DI*),C(KDIM),INDEX(KDIM),

1 IV(IVDIM),V(NKVOIM),CBOUND(K2DIM),
2 BLCKOIM),BH(KOIM),CL(KDIM),CH(KDIM),SE(KDIM),
3 W(KDIM),PARM(4),IRATIQ(2),PRNTC5)
INTEGER SP,SCALEP,SY,SCALEY
CHARACTER'3 CHAR3
CHARACTER'6 CALLED
CHARACTER'80 TITLE
CHARACTER'132 LINE132
CHARACTER'72 FMT
COMMON/FIXDAT/Y(NOIM),X(NDIM,MDIM),8FIX(KDIM),IIB(K1DIM),IIP, 

1 IDER.,K.,ISP
COMMON/BOUNDS/BL«(KDIM),BH_(KDIM)
COMMON/REVCOM/R(NDIM)
EQUIVALENCE (SQWT(1),X(1,MDIM)),(N,NOBS),(K,KPARMS),(M,MVARS). 

1 CCL(l),CBOUND(in,(CH(l),CBOUND(KDIM + n)
EXTERNAL FCODE,PCODE,CALCR

THE FOLLOWING COMMON/NAME.LIST/ IS TO SIMULATE ON VAX-11/780:
NAMELIST/PARMS/ & READ(5,PARMS) VIA 'CALL NAMELIST(5,'SPARES',*) 
NAMELIST/INIT/ 6 READ(5,INIT) VIA 'CALL NAMELISTC5,'SINIT',*)'

SEC SUBROUTINE NAMELIST FOR MORE DETAILS, AND ALSO REF1-REF3 FOR
DETAILS ON EACH PARAMETER DEFINITION.

COMMON/NAME_LIST/N,K,IP,M,IALT,ISTOP,IMT,IDER,IPRT,NITER,INON,
1 FF,T,E,TAU,XL,MODLAM,GAMCR,DEL,ZETA,IOUT,SP,SCALEP,SY,SCALEY,
2 B,IB, IOB,MM,XO,YO,L,EP,EPS,NEPS,METHOD,NFIN,IER,MEV,
3 IV,V,BL,BH,
4 IOPT,NSIG,MAXFN,DELTA,PARM, H,IRATIO

NOTE THAT COMMON/NAME.LIST/ CONTAINS SOME PARAMETERS ONLY FOR 
COMPATIBILITY MITH 'MARQRT' OR 'IMSLMQ'; I.E., THE FOLLOWING LIST 
OF PARAMETERS ARE CURRENTLY NOT USED DIRECTLY BY 'NLSOL':

INON,FF,T,TAU,XL,MODLAM,GAMCR,DEL,E,ZETA,SY,SCALEY,SCALEP,
IOPT,NSIG,MAXFN,DELTA,PARM.

C**
C
C
C
C
C
C*«
C
C** READ NLSOL TITLE LINE

READC5,10,ERR=9000,ENDs9010) TITLE 
10 FORMATCA80) 
C
C*»PRESET DEFAULT PARMS (SOME MUST BE GIVEN IN SPARMS ELSE AN ERROR) 
C

NaO
K=0

MaO

IDERsO 
IPRTaO

00014640
00014650
00014660
00014670
00014680
00014690
00014700
00014710
00014720
00014730
00014740
00014750
00014760
00014770
00014780
00014790
00014800
00014810
00014820
00014830
00014840
00014850
00014860
00014870
00014880
00014890
00014900
00014910
00014920
00014930
00014940
00014950
00014960
00014970
00014980
00014990
00015000
00015010
00015020
00015030
00015040
00015050
00015060
00015070
00015080
00015090
00015100
00015110
00015120
00015130
00015140
00015150
00015160
00015170
00015180
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MITER*10
IOUT«1
SP»0
DO 20 I=1,KOIM
ZFCZ.LT.KDZM) ZBCZ)»0
BLCZ)«0.0
B(Z)*0.0
BH(Z)»0.0 

20 CONTINUE 
22 IV(1)»10 
C*«
C PRESET NLITR 
C«*

CALL DFAULT(XV,V) 
C*«
C*« OVERRIDE FOR ZVU5)«3 DEFAULT (MAY BE CHANGED VIA SPARKS INPUT) 
C*«

IV(15)s3 
C*«
C READ SPARMS ON FOR005 VIA 'CALL NAMELIST' ON VAX 
C«*
30 CALL NAMELZSTCS, 'SPARES', *9020) 
C«»
C SET EQUIVALENT PARAMETERS ZN DIFFERENT COMMON'S 
C*«

ISPsSP
00 32 I*1,KDZM
BFIXU)=BCI)
BL.(I)sBL(I)
BH.(X)sBH(I)
IF(I.LT.KDXM) ZZB(Z)sZBCI) 

32 CONTINUE

ZDER.sXDER 
K.sK 

C*«
C TEST SPARMS BEFORE PROCEEDING 
C**

IFCIP.LT.O.OR.ZP.GT.KIDZMKALL ERRMSGCZP<0 OR IP>19 ' , 0 ,6, 16) 
KlPsK-IP
IF(N.LT.l.OR.N.GT.NDIM.OR.N.LT.KIP) 

1 CALL ERRMSG('N<1,N>500,QR N<K-ZP',0,6, 16)
IF(K.LT.l.OR.K.GT.KDIM.OR.KIP.LT.l) 

1 CALL ERfiMSG('K<l,K>20,OR K-IP<1 ' , 0 , 6 , 16) 
ZF(M.LT.1.0R.M.GT.M10ZM)CALL ERRMSG('M<1 OR M>4',0,6,16) 
ZF(ZALT.EQ.6.0R.ZALT.EQ.13.0R.ZALT.EQ.16.0R.ZALT.E0.4) 

1 CALL £RRMSG('XALTs4,6,13,OR 16', 0,6, 16)
ZF(ZSTOP.EQ.O.AND.ZALT.EO.S)

1 CALL ERRMSG('XSTOP»0 BUT ULT=5 ' . 0, 6 , 16)
ZF(ZMT.LT.O.OR.IWT.GT.2)CALL ERRMSGC *ZWT<0 OR I WT>2 ' , 0 , 6, 16 ) 
ZFCZDER.LT.O.OR.XDER.GT.nCALL ERRMSGC 'ZDER<0 OR IDER>1 ' , 0 , 6 , 16 ) 
ZF(SP.LT.O.OR.SP.GT.4)CALL ERRMSG('SP<0 OR SP>4' , 0 , 6 , 1 6 ) 
IF(XP.GT.O) THEN 

DO J=1,IP
ZFCZB(J).LT.l.QR.ZBCJ).GT.K) THEN

00015190
00015200
00015210
00015220
00015230
00015240
00015250
00015260
00015270
00015280
00015290
00015300
00015310
00015320
00015330
00015340
00015350
00015360
00015370
00015390
00015390
00015400
00015410
00015420
00015430
00015440
00015450
00015460
00015470
00015480
00015490
00015500
00015510
00015520
00015530
00015540
00015550
00015560
00015570
00015580
00015590
00015600
00015610
00015620
00015630
00015640
00015650
00015660
00015670
00015680
00015690
00015700
00015710
00015720
00015730
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ENCODE(3,43,CHAR3) J 00015740
CALL ERRHSG('IP>0 AND IBCJXi OR IB(J)>K FOR J='// 00015750

1 CHAR3,0,6,16) 00015760
ENDIF 00015770

ENDDQ 00015780
ENDIF 00015790
IFCSP.EO.O.OR.SP.E0.2) GO TO 41 00015800
DO 40 Isl,KPARMS 00015810

IF(SP.EQ.l) THEN 0001S820
IF(XP.GT.O) THEN 00015830
DO 42 J=1,IP 00015840
IFU.EQ.IB(J)) GO TO 40 00015850

42 CONTINUE 00015860
ENDIF 00015870

IF(BCI).LE.O.) THEN 00015880
£NCQDEC3,43,CHAR3) I 00015890

43 FORMATCI2,'.') 00015900
CALL ERRMSG('SP=1 AND B(I)<=0 FOR Is'//CHAR3,0,6,16) 00015910
ENDIF 00015920

ELSE IFCSP.GT.2) THEN 00015930
IF(B(I).LT.BLCX).OR.B(I).GT.BH(I).OR.BL(I).GT.BH(I)) THEN 00015940
ENCODEC3,43,CHAR3) I 00015950
CALL ERRMSG('SP>2 AND B(IXBLCI), '// 00015960

1 *BCI)>BH(I), OR BLU)>BH(I)V/ 00015970
2 ' FOR I*V/CHAR3,0,6,16) 00015980

ENDIF 00015990
IF(BL(I).EQ.BH(D) THEN 00016000

IF(IP.GT.O) THEN 00016010
DO 45 Jsl,IP 00016020
IFd.EQ.IB(J)) GO TO 40 00016030

45 CONTINUE 00016040
ENDIF 00016050

ENCODE(3,43,CHAR3) I 00016060
CALL ERRMSG('SP>2 AND BLCI)=BHCI) BUT BCD NOT HELD '// 00016070

1 'FIXED FOR Is'//CHAR3,0,6,16) 00016080
ENDIF 00016090

ENDIF 00016100
40 CONTINUE 00016110
41 IF(IV(1).E0.10) THEN 00016120
C»* 00016130
C NOTE CALL DFAULT(ZV,V) MAS PRESET BEFORE SPARMS READ 00016140
C*« 00016150

IV(18)3NITER 00016160
IF(IPRT.GT.*3.AND.IPRT.LT.l) THEN 00016170

IV(19)«-1 00016180
ELSE 00016190

IV(19)«IPRT 00016200
ENDIF 00016210
IF(IOUT.EQ.O) THEN 00016220

IV(21)36 00016230
ELSE 00016240

IV(2l)«16 00016250
ENOIF 00016260

ENDIF 00016270
IF(IP.GT.O) THEN 00016280
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50

C
C
C

60

70
C
C
C

C
C
C
C

80

1 90

J

100

i
i 1111i
1

DO 50 Isl,IP
IF(IB(I).LE.O)CALL ERRMSG('IP>0 BUT SOME IB( I )<=0 ' , 0,6 , 16 )

CONTINUE
ENDIF

READ OBJECT(RUN)«TIME FORMAT FOR DATA MATRIX FROM FILE IALT.

READ(5,60,ERR*9000,END*9010) FMT
FORMATCA72)
IFCIWT.EQ.O) THEN

MlsMVARS
ELSE

MlsMVARS+1
ENDIF
DO 70 1=1, MOBS

READ(IALT,FMT,ERRs9030,ENDs9040) Y ( I) , (X C I , J ) ,J=1 , *1 )
IFCIWT.EO.O.OR.X(I,M1).EO.O.O) THEN
SQWTCDsl.O
GO TO 70

ELSE IF(IWT.EQ.l) THEN
SOWT(I)=1.0/X(I,M1)

ELSE
SQ«*T(I)=1.0/SORT(ABS(X(I,Ml)))

ENDIF
CONTINUE

INITIALIZE VIA CALL SUBZ (READ SINIT AND TEST, LOAD COMMON, ETC.}

CALL SUBZ(Y,X,BFIX,PRNT,NPRNT,N, TITLE, IOUT)
 **** ****  ****** ** ******»* ** *« ***

WRITE SPARMS ON FOR006 AND FOR016 (THE LATTER IF IOUT«t)

CALL NQNBLANK(TITLE,NB)
 RITE (6, 80) TITLE, N,K, IP, M, IALT, ISTOP, I WT,IOER,IPRT, NITER, IOUT, SP
FOHMATC'KNLSOL>I',8X,A<NB>//' Na' , 4X, I6,T18 , 'Ks' ,4X, I6,T34, 'IPs'

1 3X,I6,TSO,'M»',4X,I6,T66,'IALTs',lX,I6/* ISTOPs*.I6,T18 , 'IWTs' ,
2 2X, 16, T34,'IDERs', 17, T50,'IPRT«', 17, T66, 'NITERs',16/' IOUT»',
3 5X,I2,T18,'SPs',3X,I6)
IFCIOUT.NE.O)

1 WRITE (16, 80) TITLE, N,K, IP, M, IALT, ISTOP, IWT,IDER,IPRT, NITER, IOUT, SP
IF(IP.GT.O) THEN

WRITE(6,90) (IB(I),I«1,IP)
FORMATC/' PARAMETERS HELD FIXED: IBs', 2013)
IFCIOUT.NE.O) 4RITE(i6,90) (IBCI) . I»t , IP)

ENDIF
CALL NONBLANK(FMT,NB)
WRITEC6,100) FMT
FORMAT(/' FMT*',A<NB>/)
IF(IOUT.NE.O) WRITE(16,100) FMT
IFCSP.GT.2) THEN

WRITe(6,lll) CBL(I),Isl,KPARMS)
FORMATC/' PARAMETER LOWER BOUNDS! 6L«'// C5E16.8) )
IFCIOUT.NE.O) kRITE(!6,lli) (BL(I ) , I«l ,KPARMS)

ENDIF

00016290
00016300
00016310
00016320
00016330
00016340
00016350
00016360
00016370
00016380
00016390
00016400
00016410
00016420
00016430
00016440
00016450
00016460
00016470
00016480
00016490
00016500
00016510
00016520
00016530
00016540
00016550
00016560
00016570
00016580
00016590
00016600
00016610
00016620
00016630
,00016640
00016650
00016660
00016670
00016680
00016690
00016700
00016710
00016720
00016730
00016740
00016750
00016760
00016770
00016780
00016790
00016800
00016810
00016820
00016830
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110

112

120

130

C 
C 
C

140

WRITE(6,110) CB(I),I=1,KPARMS) 
FORMATC/' INITIAL PARAMETERS: B=*// (5E16. 8) ) 
IFCIOUT.NE.O) WRITEC16,110) (B ( I ) , 1=1 , KPARMS) 
IFCSP.GT.2) THEN

WRITEC6,112) CBHCI),I»1,KPARMS)
FORMATC/' PARAMETER HIGHER BOUNDS: 8H='// ( 5E16 . 8 ) )
IF(IOUT.NE.O) WRITEC16,112) CBHCI) , I»l ,KPARMS) 

ENDIF 
DO 120 lal.KDIM

lNDEXCI)sl 
IFCIP.EQ.O) THEN

00 130 Isl,KPARMS
IFC5P.GT.2) THEN 
CLCI)sBL(I) 
CH(I)sBHCI)

ENDIF
CCI)=BCI) 

ELSE

REORDER B TO C WHEN IP>0 (AND BL,BH TO CL,CH, RESPECTIVELY)

IMsO
DO ISO I=1,KPARMS
DO 140 J=1,IP

IFd.EQ.IB(J)) GO TO 150 
CONTINUE

150

160

170

180

201

202

203

CCIM)sB(I) 
IFCSP.GT.2) THEN

CLCIM)sBLCI)
CH(IM)=BH(I) 

ENDIF
INDEX(IM)=I 
CONTINUE
MRITEC6,160) (I,I=1,KPARMS) 
FORMATC/' PARAMETER INDEX :', 2013) 
IFCIOUT.NE.O) WRITEC16,160) ( I , 1=1 , KPARMS ) 
WRITE(6,170) (INDEXCI),I=1,KIP) 
FORMATC' REORDERED AS. . . : ' , 2013) 
IFCIOUT.NE.O) WRITE(16,170) C INDEX C I ) , 1=1 ,KIP) 
WRITE(6,180) (C(I),I=1,KIP)
FORMATC/' REORDERED PARAMETERS: '//C5E16 .8) ) 
IFCIOUT.NE.O) URITEU6,180) CCCI) ,1 = 1 ,KIP) 

ENDIF

PERFORM INITIAL PARAMETER TRANSFORMS VIA SP CSCALEP)

IFCSP.EQ.O) GO TO 220 
DO 210 1=1, KIP

GO TO C201,202,203,203),SP
CCDaALOGCCCD)
GO TO 210
CCI)aASINH(CCI))
GO TO 210
TEMs(CCI)-CLCI))/CCHCI)-CLCD)

00016840
00016850
00016860
00016870
00016880
00016890
00016900
00016910
00016920
00016930
00016940
00016950
00016960
00016970
00016980
00016990
00017000
00017010
00017020
00017030
00017040
00017050
00017060
00017070
00017080
00017090
00017100
00017110
00017120
00017130
00017140
00017150
00017160
00017170
00017180
00017190
00017200
00017210
00017220
00017230
00017240
00017250
00017260
00017270
00017280
00017290
00017300
00017310
00017320
00017330
00017340
00017350
00017360
00017370
00017380
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IF(SP.CQ.J) THEN
C(I)«ASIN(SQRT(TEM))

ELSE
C(I)«ERFINV(2.0»TEH-1.0)

; ENOIF
210 CONTINUE
C
C INTERFACE WITH NL2ITR USING MARQRT FCOOE AND PCODE (IF iDERsO)
C
220 ENCODE(6, 222, CALLED) ICALL
222 FORHATU3,' *«')

-RITE(6,221) CALLED
221 FORMATC'O** NLITR (IDERaO) OR NL2SNO (IDER=1) CALLED: ' ,A6/)

IF(IOUT.NE.O) WRITEC16.221) CALLED
IF(IDER.EQ.O) THEN

CALL NLITR (NOBS, KIP, C. I V,V,CBOUND,FCODE, PCODE)
c *»  *»  » * » *«* **** ** **   ** **   ****** *

ELSE
CALL NL2SNO(NOBS,KIP,C,CALCR,IV,V,IDUMMY,CBOUND,FCODE)

c « *  * *** **    * **** * «*  * * *** *** «     ******
ENDIF

C
C GET INVERSE PARAMETER TRANSFORMATION OF SOLUTION VECTOR C
C

IF(SP.EQ.O) GO TO 229
DO 228 Ial,KIP

GO TO (224, 225, 226, 226), 5P
224 CCI)sEXP(CCI))

GO TO 228
225 C(I)=SINH(C(D)

GO TO 228
226 TEMsCH(I)-CLU)

IFCSP.EQ.3) THEN
CCI)sCL(I)*TEM*SIN(C(I))**2

ELSE
C(I)=CL(I)*0.5»TE«*(1.0+ERF(C(I)))

ENDlF
22S CONTINUE
C

\ C OUTPUT SELECTED RESULTS ON FOR006 (ALL RESULTS ON FOR016 IF IOUT«1)
, c
1 229 IF(IOUT.NE.O.AND.IPRT.NC.O) THEN

Isl
REWIND 16

230 READ(16,232,END«240) LINE132
232 FORMATCA)

IF(I.EO.l) THEN
C

' C VAX FUNCTION 'LIBSINDEX' USED TO DISTINGUISH FROM ARRAY 'INDEX'
C

IF(LIB5INDEX(LINE132, 'CALLED: V/CALLED).EQ.O) GO TO 230
I«0
GO TO 230

ENDIF
IF(LIBSINDEXCLINE132,'QBS.Y(I)').NE.O) GO TO 236

00017390
00017400
00017410
00017420
00017430
00017440
00017450
00017460
00017470
00017460
00017490
00017500
00017510
00017520
00017530
00017540
00017550
00017560
00017570
00017560
00017590
00017600
00017610
00017620
00017630
00017640
00017650
00017660
00017670
00017680
00017690
00017700
00017710
00017720
00017730
00017740
00017750
00017760
00017770
00017780
00017790
00017800
00017810
00017820
00017830
00017840
00017850
00017860
00017870
00017880
00017890
00017900
00017910
00017920
00017930
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234

236

240
250

260

280

290

300

IF(LIBSXNDEX(LINE132,'COVARIANC£ = SCALE') .NE.O) GO TO 236
CALL NONBLANK(LZNE132,J)
ZFCJ.LE.O) GO TO 230
*RITE(6,234) LINE132
FORKAT(A<J»
GO TO 230
READU6,232,END*240) LINE132
GO TO 236 

ENDIF
IF(IOUT.NE.O) WRITE C 16, 250 ) 
FORMATC/3X,'I',4X,'OB5.YCI)*,6X,'CAL',11X,'RES*,8X,

1 '*RES.ERR',6X, 'X(I,1)',8X,
2 'X(Z,2)',8X,'XCZ,3)*,8X,'XCZ,4)',8X,'WTCZ)') 
IFCIPRT.EQ.-2) WRITEC6,2SO) 
SUMF2=0.0
ZFCZDER.rfE.O) IADR=IV(50)-1 
00 270 1=1, NOBS

ZFCZOER.EQ.O) THEN
F2=R(I) 

ELSE
F2=V(IADR*I) 

ENOZF
RESsF2/5QWT(Z) 
CAL«Y(Z)-HES 
ZFCCAL.NE.0.0) THEN
PERR=100.0»FES/ABS(CAL) 

ELSE
PERRsO.O 

ENDIF
MT=SQWT(Z)**2 
SUMF2aSUMF2+RES**2
ZFCZPRT.EQ.-2)WRZTE(6,260) Z , Yd) , CAL,RES, PERR, 

1 CXCI,J),J=1,4),WT
FORMAT(1X,I3,2E14.6,E11.3,6E14.6)
IF(IOUT.NE.O) «RITE(16,260) Z , IfCZ) ,CAL,RES,PERR,

270 CONTINUE
IFCNOBS.EQ.KIP) THEN
RMSERRsO.O 

ELSE
RMS£RRsSQRT(SUMF2/(NOBS-KZP) ) 

ENDZF
WRZTE(6,280) RMSERR 
FORMATC/' ** RMSERRs* ,E16. 8) 
ZF(IOUT.NE.O) 4RZTEC16,280) RMSERR 
ZF(ZV(26).LE.O) GO TO 380

A COVARZANCE MATRIX WAS COMPUTED (GET AOOZTZONAL STATZSTICS)

ZAOR»ZV(26)-1
IFCIPRT.LT.-l) WRZTE(6,290) 
FORMATC/' COVARZANCE MATRZX*) 
00 320 1=1, KIP 
DO 300 Jsl,I

W(J)=V(IADR+LOCCJ,I))

00017940
00017950
00017960
00017970
00017980
00017990
00018000
00018010
00018020
00018030
00018040
00018050
00018060
00018070
00018080
00018090
00018100
00018110
00018120
00018130
00018140
00018150
00018160
00018170
00018180
00018190
00018200
00018210
00018220
00018230
00018240
00016250
00018260
00018270
00018280
00018290
00018300
00018310
00018320
00018330
00018340
00018350
00018360
00018370
00018380
00018390
00018400
00018410
00018420
00018430
00018440
00018450
00018460
00018470
00018480
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SE(I)S5QRT(ABSCM(I)))
IF(IPRT.LT.-l) WRITE<6,310) INDEX(I),(U(J),J*l,X) 

310 FORMAT(1X,I2,10E12.4/(3X,10E12.4)) 
320 CONTINUE 
C
C GET CORRELATION COEFFICIENT MATRIX 
C

IF(IOUT.NE.O) WRITE(16,330) 
330 FORMATC/' CORRELATION MATRIX') 

IF(IPRT.LT.O) WRITEC*,330) 
DO 350 1=1,KIP

IF(SECI).£0.0.0) THEN

340

ENDIF 
DO 340 J=1,I

IFCSE(J).NE.O.O) W(J)»V(IAOR-»-LOC(J,I) 
CONTINUE
IFCXOUT.NE.O) WRITE(16,310) INDEXCX),(W(J),J=l,I) 
IF(JPRT.LT.O) WRITCC6.310) INDEX(I) , (ta(J),J = l.I) 
CONTINUE

% ERROR  *'/)

350
C
C PRINT PARAMETER STANDARD ERRORS (SE) AND RELATIVE ERRORS
C

*RITE(6,360)
360 FORMATC/'   PARM.SOL. STD.ERROR REL.ERROR 

IF(IOUT.NE.O) WRXTE(16,360) 
DO 370 I=i,KIP

RELERRsO.O
IF(CCI).NE.O.O) RELERR*SE(I)/C(I)
PERRslOO.«RELERR
WRITE(6,310) INDEXCI),C(I),SE(I),RELERP,PERR
IF(IOUT.NE.O) WRITE(16,310) INDEX(X),CCI),SE(I),RELERR,PERR 

370 CONTINUE 
C
C PUT SOLUTION C AND BFIX TOGETHER (IF IP>0) 
C
380 DO 390 1*1,KIP 
390

-1

400

410 
420 
C

IF(IP.EQ.O) GO TO 420
IMSO
DO 410 I*1,KPARMS
Wd)sBFIX(I) 

DO 400 Jsi,IP
XFCX.EQ.XB(J)) GO TO 410 

CONTINUE
XMalM+l
W(X)sC(XM) 

CONTINUE 
CALL SUBEND(Y,X,W f K,N,TITLE,IOUT)

«* ««     *« *««* * ** »** ***    
IF(ISTOP.NE.l) THEN

READ(S,10,ERR*9000,ENDs9010) TITLE
IFCIALT.NE.5) REWIND IALT
ICALL'ICALLM
GO TO 22

00018490
00018500
00018510
00018520
00018530
00018540
00018550
00018560
00018570
00018580
00018590
00018600
00018610
00018620
00018630
00018640
00018650
00018660
00018670
00018680
00018690
00018700
00018710
00018720
00018730
00018740
00018750
00018760
00018770
00018780
00018790
00018800
00018810
00018820
00018830
00018840
00018850
00018860
00018870
00018880
00018890
00018900
00018910
00018920
00018930
00018940
00018950
00018960
00018970
00018980
00018990
00019000
00019010
00019020
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9000
9010
9020
9030
9040

ENDIF 

RETURN FROM NLSOL

RETURN
CALL ERRMSGCERRS9000 READING FOROOS',0,6,16)
CALL ERRMSG('PREMATURE E.O.F (END«9010) READING FOROOS',0,6,16) 
CALL ERRMSGCEND *9020 READING FOROOS IN <NA*ELIST> ' , 0,6,16 ) 
CALL ERRMSGCEND39030 READING FILE IALT' ,0,6,16) 
CALL ERRMSGC'PREMATURE E.O.F (ENO=9040) READING FILE IALT', 

L 0,6,16)

C** END OF SUBROUTINE NLSOL 
C

END
SUBROUTINE NLITR(N,KIP,C,IV,V,CBOUND,FCODE,PCODE) 

C
C**CALCULATES BOTH THE RESIDUAL VECTOR RCN) & ANALYTICAL JACOBIAN 
C JAC(N,KIP) BY 'REVERSE COMMUNICATION VIA INTERNAL CALL NL2ITR' 
C (SEE REF1, P. 38). 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C
C**SEE 
C
C**OTHER 
C 
C

N s NO. OBSERVATIONS <=500 (SEE NDIM BELOW) 
KIP f NO. ADJUSTABLE PARAMETERS =K-HP WHERE

KSTOTAL PARAMETERS, IIPSNO. PARAMETERS HELD FIXED
IN IIB(IIP) VIA COMMON/FIXDAT/ 

CO & I/O PARAMETER VECTOR (SUPPLIED BY NL2ITR)
WHICH ARE THE UNCONSTRAINED PARAMETERS IN NL2ITR. 

IV() s SAME CONTROL INFORMATION SET BY NLSOL (OR NL2ITR). 
V() s SAME CONTROL INFORMATION SET BY NLSOL (OR NL2ITR). 
CBOUND » INPUT ARRAY OF LOW AND HIGH BOUNDS USED ONLY "HEN SP>2, 
FCODE & EXTERNAL FUNCTION NAME (SAME AS USED IN 'MARQRT' OR

'IMSLMQ* TO COMPUTE THE NONLINEAR OBJECTIVE FUNCTION). 
PCQDE a EXTERNAL ANALYTIC DERIVATIVE NAME (SAME AS USED IN

'MARQRT' WHEN IDERsQ) CORRESPONDING TO EACH FCODE CALL.

REF1 (P.38) FOR MORE DETAILS ON CALLING NL2ITR. 

DATA IN COMMON/FIXDAT/ MUST BE PRESET.

00019040
00019050
00019060
00019070
00019080
00019090
00019100
00019110
00019120
00019130
00019140
00019150
00019160
00019170
00019180
00019190
00019200
00019210
00019220
00019230
00019240
00019250
00019260
00019270
00019280
00019290
00019300
00019310
00019320
00019330
00019340
00019350
00019360
00019370
00019380
00019390
00019400
00019410
00019420
00019430

CSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS$00019440 
CSS CHANGE THE FOLLOWING FORTRAN-77 PARAMETER STATEMENT ONLY IF 00019450
css INCREASING THE DEFAULT DIMENSIONS FOR NLSOL: 00019460

PARAMETER (NDIMsSOO,MDIMs5,KDIM=20) 00019470
CSS WHERE NOIMSMAX.OBS., MDIMsMAX.INDEP.VAR5., KOIMswAX.UNKNOWN PARMS. 00019480
CSS DO NOT CHANGE THE FOLLOWING RELATED PARAMETER STATEMENT: 00019490

PARAMETER (KlDIMsKDIM-1) 00019500
CSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSOOO19510
C 00019520

INTEGER SP 00019530
DIMENSION C(1),IV(1),V(1},CBQUND(1),PRNT(5),SQWT(NDIM), 00019540

1 8IPCKDIM),D(KDIM),R(NDIM),PART(KDIM),W(KDIM) 00019550
REALM JAC(NDIM,KDIM) 00019560
COMMON/FIXDAT/Y(NDIM),X(NDIM,MDIM),BFIX(KDIM),IIB(K1DIM),IIP, 00019570

1 IDER,KPARMS,SP 00019580
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c
c
c
10
c
c

c

c
c
c
c

11

12

13

14

80

90

COMMON/BOUNDS/BL(KDIM),8H(KDZM) 
COMMOM/REVCOM/R
EQUIVALENCE (SQWTC1 ) ,XC 1 ,MOZM) )
DATA NN/NDZM/

GET ZNVERSC PARAMETER TRANSFORMATION (C TO BIP)

CALL INTRAN(KIP,C,CBOUND,BIP)

DETERMINE FROM ZV(1) HOW TO CALL NL2ZTR
IVlsIV(l)

DO 120 IM,N
CALL FCODE(Y,X,BIP,PRNT,F,I,IDER)
*********************************
IF(IV1.NE.2) RCI)=SO»TCI)*<YCI)-F)
ZF(ZVl.EQ.l) GO TO 120
CALL PCODE(PART,X,BZP,PRNT,F,I,IZP,ZZB)
****4i********* **************** ***<****

SCALE PART(J) VIA SP AND THE DERIVATIVE CHAIN-RULE.

ZFCSP.EQ.O) GO TO 80
ZF(SP.EQ.l) THEN

DO 11 K*1,KPARMS
PART(K)3BIP(K)*PART(K)

ELSE ZFCSP.EQ.2) THEN
DO 12 K*1,KPARMS
ZF(PART(K).EO.O.O) GO TO 12
TEMsBIP(K)«SQRT(BIP(K)**2+1.0)
PART(K)a0.5*(TEM*1.0/TEM)»PART(IC)
CONTINUE

ELSE IF (SP.EQ.3) THEN
00 13 K=1,KPARW5
IF(PARTCK).eQ.O.O) GO TO 13
PART(K)a2.*PART(K)*SQRT((BZP(K)*BLCK))*

1 (BH(K)-8IP(K)))
CONTINUE

ELSE ZFCSP.EQ.4) THEN
DO 14 K*1,KPARMS
ZF(PARTCK).EQ.O.O) GO TO 14
TEM=6H(K)-9L(K)
PART(K)s0.56418958*PART(K)*TEM*EXP(-(ERFINV(2.*(BIP(K)*

1 8L(K))/TEM-1.))»»2)
CONTINUE

ENDIF
IF(IIP.EQ.O) THEN

DO 90 J=1,KIP
JACU,J)3-SQWT(I)»PART(J)

ELSE
IMsO
DO 110 Kal,KPARMS
DO 100 J»1,IIP

IF(K.EO.IIBCJ)) GO TO 110
100 CONTINUE

I*aIM+l

00019590 
00019600
00019610
00019620
00019630
00019640
00019650
00019660
00019670
00019680
00019690
00019700
00019710
00019720
00019730
00019740
0001975G
00019760
00019770
00019780
00019790
00019800
00019810
00019820
00019830
00019840
00019850
00019860
00019870
00019880
00019890
00019900
00019910
00019920
00019930
00019940
00019950
00019960
00019970
00019980
00019990
00020000
00020010
00020020
00020030
00020040
00020050
00020060
00020070
00020080
00020090
00020100
00020110
00020120
00020130
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JAC(I,IM)3-SOlf»T(I)»PARTCK) 
110 CONTINUE

ENOIF
120 CONTINUE 
C 
C

CALL NL2ITR(D,IV,JAC,N,NN,KIP,R,V,C) 
C ************************************

IF<IV(i).EQ.1.0R.IV(l).EQ.2) GO TO 10
RETURN
END
SUBROUTINE INTRAN(KIP,C,CBOUND,8IP} 

C
C*»INVERSE PARAMETER TRANSFORMATION USED IN 'NLSOL','NLITR'. 
C
C CALCULATES CONSTRAINED PARAMETERS FOR FCODE OR PCODE BACK FROM THE 
C UNCONSTRAINED PARAMETERS IN 'NL2ITR' OR 'NL2SNO' 
C 
C 
C 
C 
C 
C

KIP s NO. ADJUSTABLE PARAMETERS = K-IIP (IIP IN COMMON/FIXDAT)
CO a INPUT UNCONSTRAINED VECTOR (DIM. KIP)
C80UND a INPUT CONSTRAINED BOUNDS, IF ANY.
BIPO * OUTPUT CONSTRAINED VECTOR (DIM. KPARMS--IN COMMON).

00020140 
000201SO 
00020160 
00020170 
00020180 
00020190 
00020200 
00020210 
00020220 
00020230 
00020240 
00020250 
00020260 
00020270 
00020280 
00020290 
00020300 
00020310 
00020320 
00020330 
00020340 
00020350 
00020360

CSSSSSSSS$SSSSSSS$SSSSSSSSSSSSSSSSSSSSSSSSSSS$SSSSS$SSSSSSSSSSSSSSSSSSSS00020370
C$$ CHANGE THE FOLLOWING FORTRAN-77 PARAMETER STATEMENT ONLY IF 00020380
CSS INCREASING THE DEFAULT DIMENSIONS FOR NLSOL: 00020390

PARAMETER (NDIM»500,MDIM»5,KDIM*20) 00020400
CSS WHERE NDIM3MAX.OBS., MOIM»MAX.INDEP.VAR5., KDIMsMAX.UNKNOWN PARMS. 00020410
CSS DO NOT CHANGE THE FOLLOWING RELATED PARAMETER STATEMENT: 00020420

PARAMETER (KlDIMsKDlM-1) 00020430
CSSSS«SSSSSSSSS$SSSSSSSSSSSSSSSS$SSSSSSSSSSSSSS«SSSSSSSSSSSSSSSSSSSSSSSS00020440
C 00020450

00020460 
00020470 
00020480 
00020490 
00020500 
00020510 
00020520 
00020530 
00020540 
00020550 
00020560 
00020570 
00020580 
00020590 
00020600 
00020610 
00020620 
00020630 
00020640 
00020650 
00020660 
00020670 
00020680

10

20

30

40

50

INTEGER SP
DIMENSION C(1),C80UNDU),BXP(1),CTEM(KDIM)
COMMON/FIXDAT/Y(NDIM),X(NDIM,MOIM),BFIX(KDIM),XIB(K1DIM),IIP, 

1 IDER,KPARMS,SP 
IFCSP.EQ.O) THEN 

DO 10 1=1,KIP 
CTEM(I)sC(I) 

ELSE
DO 50 1=1,KIP

GO TO (20,30,40,40),SP
CTEM(I)sEXP(C(I))
GO TO 50
CTEMU)sSINHCC(I))
GO TO 50
DXF3C80UND(KDIM+I)-CBOUND(I)
IFCSP.E0.3) THEN
CTEMCI)sCBOUNDCI)+DIF*SIN(CCX))**2 

ELSE
CTEM(I)sCBOUND(X)+0.5*DIF*(1.0*ERF(C(I))) 

ENDIF 
CONTINUE 

ENDIF 
IF(IIP.EQ.O) THEN
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60
00 60 Isl,KIP 
9IP(I)=CTEM(I) 

EL5C 
XMaO 
00 80 I«1,KPARMS

BIP(I)=6FZX(I) 
00 70 J*1,IIP

ZFCX.EQ.XXBCJ)) GO TO 80 
CONTINUE70

BIP(I)sCTENUN) 
80 CONTINUE 

ENOXF 
RETURN 
END
SUBROUTINE CALCR(N, KIP, C,NF,R,LASTNF, CBOUND, FCODE) 

C
C**CALCULATES RESIDUAL VECTOR R(N) FOR 'NL2SNO* WHEN IDER=1. 
C

N = NO. OBSERVATIONS 0500 (SEE NDIM BELOW) 
KIP * NO. ADJUSTABLE PARAMETERS sK-XIP WHERE

KsTOTAL PARAMETERS, IIPsNQ. PARAMETERS HELD FIXED
IN IIBCIIP) VIA COMNON/FIXDAT/ 

CO * ZNPUT PARAMETER VECTOR (SUPPLIED BY NL2SNO)
WHICH ARE THE UNCONSTRAINED PARAMETERS IN NL2SNO. 

NF s INVOCATION COUNT (INPUT)FOR USE BY NL2SNO OR NL2SOL. 
R() * OUTPUT WEIGHTED RESIDUAL VECTOR (DIM. N)
LASTNF * LAST NF (ON EXIT FOR POSSIBLE USE IN CALCJ OR NL2SOL). 
CBOUND a INPUT ARRAY OF LOW AND HIGH BOUNDS USED ONLY WHEN SP>2. 
FCODE = EXTERNAL FUNCTION NAME (SAME AS USED IN 'MARORT* OR 

 IMSLMQ* TO COMPUTE THE NONLINEAR OBJECTIVE FUNCTION).

C
C
C
C
C
C
C
C
C
C
C
C
C
C**QTHER DATA
C
C

IN COMMON/FIXDAT/ MUST BE PRESET.

00020690 
U0020700 
00020710 
00020720 
00020730 
00020740 
00020750 
00020760 
00020770 
00020780 
00020790 
00020800 
00020810 
00020820 
00020830 
00020840 
00020850 
00020860 
00020870 
00020880 
00020890 
00020900 
00020910 
00020920 
00020930 
00020940 
00020950 
00020960 
00020970 
00020980 
00020990 
00021000 
00021010 
00021020 
00021030

CSSSSSSSSSSS888$SS8888$88S88S8$8$S$S$S$S$S8SS8S88S8SS888$S$8$SS8S$SS$SSS0002i040
C88 CHANGE THE FOLLOWING FORTRAN-77 PARAMETER STATEMENT ONLY IF 00021050 
CSS INCREASING THE DEFAULT DIMENSIONS FOR NLSQL* 00021060

PARAMETER (NDIMaSOO,HOIM^S,KDI«=20) 00021070 
CS8 WHERE NDIMsMAX.OBS., MDIM3MAX.INDEP.VAR5., KDIM3MAX.UNKNOWN PARPS. 00021080 
CSS DO NOT CHANGE THE FOLLOWING RELATED PARAMETER STATEMENT: 00021090

PARAMETER (KlDIMsKDIM-1) 00021100 
CS8S88SS8SSS$8SS8S88S$$$8S8$$8888$S8S888888888888$88f8SS$888$SS8S8$888S8000211iO

J C
INTEGER SP
DIMENSION C(l>,R(l),CBOUND(l),PRNT(5).SOtoT(NDIM),BIP(KOlM) 
COMMON/FIXDAT/Y(NDIM),X(NDI*,KDIM),BFIX(KDIH),IIB(K1DIM),IIP, 

1 IDER,KPARMS,SP 
EQUIVALENCE (SOWT(1),X<1,MOIM))

GET INVERSE PARAMETER TRANSFORMATION (C TO BZP)

CALL INTRAN(KIP,C,CBOUND,BIP) 

COMPUTE RESIDUAL VECTOR R(N) USING BIP IN FCODE

00021120
00021130
00021140
00021150
00021160
00021170
00021180
00021190
00021200
00021210
00021220
00021230
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ABS,VALUE5(I)sLCL.VALUESCI) 
END 00 
RETURN 
END
REAL FUNCTION HFLAGS(N,FUN,TOL,TO,TM ,T,NE«O 

 FOURIER TRANSFORM LAG CONVOLUTION 6 SPLINE INTERPOLATION 
GIVES FOURIER COSINE OR SINE TRANSFORMS VIA RLAGFO, RLAGF1 
REF: ANDERSOM,i975,NTIS REPT. P8-242-800 , P. 76-87 .

N = 0 FOR COSINE TRANSFORM (VIA RLAGFO) 
N s 1 FOR SINE TRANSFORM (VIA RLAGF1) 

FUN s EXTERNAL REAL KERNEL FUNCTION. 
TOL s TOLERANCE REQUESTED FOR RLAGFO OR RLAGF1 
TO » TMIN TO USE (E.G., LET TO=.5*TMIN, TMINsTRUE) 
TM 9 TMAX TO USE (TM>TO)
T 9 TRANSFORM PARAMETER (TO<»T<=TM) FOR THIS CALL (NEW=1 OR 0)

NEW 
NEW

REQUIRED FOR 1ST CALL OR TO RESET SPLINE COEFFICIENTS. 
FOR ALL CALLS AFTER 1ST  USES SPLINE INTERPOLATION ONLY.

REAL ARG(200),Y(200),AR(200),BR(200),CR(200), 
6 D(2),*l(200),*2(200) 
EXTERNAL FUN 
DATA 0/2*0. O/ 
IF(NEW.EQ.O) GO TO 3 
NT»AINT(S.«ALOG(TM/TO) )+5 
IF(NT.GT.200)CALL ERRMSGCIN RFLAGS: NT>200

',6,6,16)

XO«ALOG(TO)+.2*NT 
NU*1
00 1 J*1,NT 
IsNTl-J 
X»XO-.2«J 
EX*£XP(X) 
ARG(I)=£X
IF(N.EQ.O) Y(I)sRLAGFO(X,FUN,TOL,L,NU)/EX 
IF(N.NE.O) YCI)sRLAGFl(X,FUN,TOL,L,NU)/EX 
NU=0
CALL SPLINt(NT,0.0,ARG,Y,AR,BR,CR,0,D,Ml,W2) 
IF(NT.LT.O) CALL ERRMSGCIN RFLAGS: NT<0 AFTER SPLIN1 
IF(T.LT.TO) CALL ERRMSGCIN RFLAGS: T<TO ' , 3 , 6 , 16 ) 
IF(T.GT.TM) CALL ERRMSGCIN RFLAGS: T>TM ' , 3 , 6 , 1 6) 
CALL SPOINT(NT,ARG,Y,AR,BH,CR,T,X) 
RFLAGSsX 
RETURN 
END
SUBROUTINE SPLIN1 (M,H,X, Y , A,B,C,IT,D,P,S) 

-ONE DIMENSIONAL CUBIC SPLINE COEFFICIENT DETERMINATION.

BY W.L.ANDERSON, U.S. GEOLOGICAL SURVEY, DENVER, COLORADO

FARMS   Ms NUMBER OF DATA POINTS .GT. 2
Hs EQUAL INTERVAL OPTION WHEN H.GT.O. (USE DUMMY X HERE),

UNEQUAL INTERVALS IF H»0. (X REQUIRED STORAGE) 
X* INDEP.VAR WHEN H=0. (DIM .GC. M). 
Ys DEPENDENT VARIABLE (DIM .GE. M).

00021790 
00021900 
00021810 
00021820 
00021830 
00021840 
000218SO 
00021860 
00021870 
00021880 
00021890 
00021900 
00021910 
00021920 
00021930 
00021940 
000219SO 
00021960 
00021970 
00021980 
00021990 
00022000 
00022010 
00022020 
00022030 
00022040 
00022050 
00022060 
00022070 
0002208U 
00022090 
00022100 
00022110 
00022120 
00022130 
00022140 
00022150 
00022160 
00022170 
00022180 
00022190 
00022200 
00022210 
00022220 
00022230 
00022240 
00022250 
00022260 
00022270 
00022280 
00022290 
00022300 
00022310 
00022320 
00022330
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A,fl,C=COEFF.ARRAYS (EACH DIM .GE. M)
RESULTS ARE RETURNED IN IST(M-l) ELEMENTS OF A,B,&C. 
ALSO USED AS WORK ARRAYS DURING EXECUTION. 

ITs TYPE OF BOUNDARY CONDITION SUPPLIED IN D ARRAY. USE 
ITsl IF 1ST DERIVATIVES GIVEN AT END POINTS, OR 
ITsQ IF 2ND DERIVATIVES GIVEN AT END POINTS. 

D= BOUNDARY ARRAY (DIM 2) AT POINT 1 AND M RESPECTIVELY. 
P,Sa ttORK ARRAYS (EACH DIMsM).

C -ERROR RETURN KITH Ks-<ABS(M)) IF ANY PARM OUT OF RANGE. 
C THE RESULTING CUBIC SPLINE IS OF THE FORM;

YsY(I)+A(I)*(X-X(I))+B(I)*(X-X(I))**2+C(I)*(X-X(I))**3 
FOR I=1,2,....M-1

REALM XCl),Y(n,A(l),B(l),CCl),D(2),P(l),S<l),MUL
IFUT.LT.O.OR.IT.GT.1.0R.H.LT.O..OR.M.LT.3) GO TO 999
NsM-1
IF(IT.EO.O) GO TO 20 

C  1ST DERIVATIVE BOUNDARIES GIVEN
NE=N-1
IF(H) 999,11,1

C  EQUAL SPACING H .GT. 0. AND IT=1 
1 HH=3.0/H

DO 2 1=1, NE
B(I)=4.0
C(I)sl.O
A(I)sl.O

2 P(I)=HH*(Y(I + 2)- 
PC1)=P(1)-DC1) 
P(NE)=P(NE)-D(2) 

C  SOLUTION OF TRIDIAGONAL MATRIX EQ. OF ORDER NE
3 CC1)*CC1)/B(1)

DO 4 1=2, Nt
MUL=1.0/(B(I)-A(I)*C(I-1))
C(I)=MUL*C(I)

4 P(I)sMUL*CP(I)-A(I)*P(I-l)) 
C  OBTAIN SPLINE COEFFICIENTS 

A(NE+IT)sp(NE) 
IaNE-1

5 ACI+XT)«P(X)-C(X)*A(X*XT+1) 
1 = 1-1
IF(I.GE.l) GO TO 5 

IF(IT.EO.O) GO TO 6 
AU)sD(l) 
ACM)=D(2)

6 IF(H.EO.O.) GO TO 14 
HHsl.O/H 
DO 7 Isl,N 
MUL=HH*(Y(I*1)-Y(I))

7 C(I)sHH*HH*(-2.0*MUL+A(I+l)+A(i))
RETURN

C  UNEQUAL SPACING H=0.. AND 
11 DO 12 1=1, N

OOU22340 
00022350 
00022360 
00022370 
00022380 
00022390 
00022400 
00022410 
00022420 
00022430 
00022440 
00022450 
00022460 
00022470 
00022480 
00022490 
00022500 
00022510 
00022520 
00022530 
00022540 
00022550 
00022560 
00022570 
00022580 
00022590 
00022600 
00022610 
00022620 
00022630 
00022640 
00022650 
00022660 
00022670 
00022680 
00022690 
00022700 
00022710 
00022720 
00022730 
00022740 
00022750 
00022760 
00022770 
00022780 
00022790 
00022800 
00022810 
00022820 
00022830 
00022840 
00022850 
00022860 
00022870 
00022880
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12 SCI+1)3XCI+1)-XCI) 
00 13 Iai,NE
fl<I)a2.0*CSCI+l}+SCI+2)) 
CCI)aS(I+l) 
A(I)aS(l+2)

13 P(X)33.0*(SCI + l)**2*<m+2)»YCI+l))+S(I+2)**2*CY<I+l)-Y(I)))/ 
$ (SCI+l)«S(X+2)) 
PU)=P(1)»S(3)*DU) 
P(NE)ap(NE)-S(N)*0<2) 
GO TO 3

14 00 15 Ial,N 
HH»1.0/S(X*1) 
MULaCYCI+l)-YCI))*HH»*2 
BCI)a3.0*MUL«<A(I+i)+2.0*A(I))*HH

15 C(I)3-2.0*MUL*HH+CA(I+1)+A(X)}»HH**2
RETURN 

C--2ND DERIVATIVE BOUNDARIES GIVEN
20 NEsN+1

IFCH) 999,31.21 
C  EQUAL SPACING H .GT. 0 AND ITaO

21 HHa3.Q/H 
DO 22 Ia2,N 
B(I)=4.0 
C(X)al.O 
A(I)al.O

22 P<I)aHH»(YCI+l)»YCX»l)) 
8(1)=2.0 
B(NC)a2.0 
C(l)al.O 
C(NE)a|.0 
A(NE)al.O
P(l)aHH»(Y(2)-Y(l))-0.5*H*0(l) 
P(NE)aHH*(Y(1)«Y(N))t0.5*H*0(2) 
GO TO 3 

C  UNEQUAL SPACING H=0 AND IT*0
31 DO 32 1*1, M
32 S(I*i)aX(I+l)-X(I) 

NlsM-1
00 33 1=1, Nl 
B(I+l)s2.0*(S(I+l) +5(1+2))

A(X+l)aS(I+2)
33 P(X+l)a3.0*(S(I+l)»*2*(Y(I+2)-Y(I+i))+S(I+2)»*2»(Y(I+l)-Y(I)))/ 

  CSCI+l)*S(I+2)) 
B(l)a2.0 
B(NE)=2.0 
C(l)al.O 
C(NE)*1.0 
A(NE)ai.O
P(l)a3.0«(Y(2)-Y(l))/S(2)-0.5*S(2)*0(l) 
P(Ne)33.0*(Y(M)»Y(N))/S(M)+0.5*SCM)*D<2) 
GO TO 3 

999 M*-XA0S(M) 
RETURN 
END  

00022890
00022900
00022910
00022920
00022930
00022940
00022950
00022960
00022970
00022980
00022990
00023000
00023010
00023020
00023030
00023040
00023050
00023060
00023070
00023080
00023090
00023100
00023110
00023120
00023130
00023140
00023150
00023160
00023170
00023180
00023190
00023200
00023210
00023220
00023230
00023240
00023250
00023260
00023270
00023280
00023290
00023300
00023310
00023320
00023330
00023340
00023350
00023360
00023370
00023380
00023390
00023400
00023410
00023420
00023430
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SUBROUTINE SPOINT C M , X , Y , A , B ,C , XX , YY )
C  GIVEN CUBIC SPLINE COEFF'S A,B,C,AND M DBS. DATA ARRAYS X,Y
C
C
C
C
C

SPOINT EVALUATES THE PIECEWISE CUBIC SPLINE ORDINATE YY AT THE
ABSCISSA XX, WHERE XX IS IN THE CLOSED INTERVAL (X(1),X(M)).
NOTE: IF COMPUTING OVER EQUAL INTERVALS, USE THE SUBR 'CUBIC'
WHICH REQUIRES ONLY ONE CALL,

DIMENSION X(1),YU),A(1),8C1),C(1)
IFCXX.LT.X(l).OR.XX.GT.XCM)) GO TO 9
MlsM-1
DO 1 1=1, Ml
Jal
IFCXX.LE.XCI+1)) GO TO 2

1 CONTINUE
9 WRITEC6,60) XX,X(1),X(M)

00023440
00023450
00023460
00023470
00023480
00023490
00023500
00023510
00023520
00023530
00023540
00023550
00023560
00023570
00023580

60 FORMAT C'OERROR IN SPOINT CALL   XX*' , E16. 8 , ' NOT IN CLOSED INTERVAL00023590

C
C
C
C
C
C
C
C
C
C
C
C
C

1

2
3

* (' E16 8 ' ' £16 8 ')')
RETURN

2 Z3XX-XCJ)
YY=Y(J) + (CCCJ)*Z + B(J))»Z-»-A(J))*Z
RETURN
END
SUBROUTINE wARNCMSG, ISKIP , IUNIT1 , IUNIT2 ,»)

GENERAL WARNING MESSAGE OUTPUT AND RETURN 1 ON VAX-11/780

MSG*(*) a VARIABLE-LENGTH 'MESSAGE'
ISKIP * 0 FOR NO BLANK LINE BEFORE OUTPUT TO IUNIT1 6 IUNIT2

> 0 FOR ONE BLANK LINE BEFORE.
IUNIT1 * 0 TO SUPPRESS OUTPUT ON IUNIT1 C>0 TO WRITE ON IUNIT1).
IUNIT2 = 0 TO SUPPRESS OUTPUT ON IUNIT2 (>0 TO WRITE ON IUNIT2).

MESSAGES ARE WRITTEN IN THE FORM:

{WARN): _MSG_HERE_

CHARACTER^*) MSG
I=LEN(MSG)
DO 1 Jal, 2

IFCJ.EQ.l) THEN
JUNITsIUNITl

ELSE
JUNIT3IUNIT2
ENDXF
IF(JUNIT.GT.O) THEN

IFCISKIP.EQ.O) THEN
WRIT£(JUNIT,2) MSG
ELSE

WRITE(JUNIT,3) MSG
ENDIF

ENDIF
CONTINUE
RETURN 1
FORMATC1X, '{WARN> : ',A<I»
FORMATC/1X, MWARN> : ',A<I»

00023600
00023610
00023620
00023630
00023640
00023650
00023660
00023670
00023680
00023690
00023700
00023710
00023720
00023730
00023740
00023750
00023760
00023770
00023780
00023790
00023800
00023810
00023820
00023830
00023840
00023850
00023860
00023870
00023880
00023890
00023900
00023910
00023920
00023930
00023940
00023950
00023960
00023970
00023980
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END 00023990
COMPLEX FUNCTION ZHANKS(N,B,FUN,TOL,NF,N£W) 00024000

C (VAX-U/780 VERSION FORTRAfc-77 (X3.9-1978); SEE NOTEC2) BELOW.* 00024010
C«88S83338S3S8883XS3«8S883S8«8SSSS3383S3SX3333S3S8r33833338SS83«S838SSS300024020

C COMPLEX HANKEL TRANSFORMS OF ORDER 0 OR 1 FOR RELATED (SAVED) KERNELS00024030
C AND FIXED TRANSFORM ARGUMENT B.GT.O. 
C
c REF: ANDERSON, W.L., 1979, GEOPHYSICS, VOL. 44, NO. 7, p. 1287-1305, 
c
C SUBPROGRAM ZHANKS EVALUATES THE INTEGRAL FROM 0 TO INFINITY OF 
C FUN(G)*JN(G*B)*DGr DEFINED AS THE COMPLEX HANKEL TRANSFORM OF

ORDER N (sO OR i) AND TRANSFORM ARGUMENT B.GT.O. THE METHOD IS BY 
ADAPTIVE DIGITAL FILTERING OF THE COMPLEX KERNEL FUNCTION FUN, 
USING DIRECT AND/OR PREVIOUSLY SAVED KERNEL FUNCTION VALUES.

C 
C 
C 
C
C PARAMETERS 
C

N a 
B s

(ALL INPUT* EXCEPT NF)

00024040 
00024050 
00024060 
00024070 
00024080 
00024090 
00024100 
00024110 
00024120 
00024130 
00024140 
000241SO 
00024160 
00024170

C N s ORDER (CO OR 1) OF THE HANKEL TRANSFORM TO BE EVALUATED.
C B s REAL TRANSFORM ARGUMENT B.GT.0.0 OF THE HANKEL TRANSFORM.
C IF NEUsO, B IS ASSUMED EQUAL TO THE LAST B USED WHEN NE*=100024180
C (SEE PARAMETER NEW AND SUBPROGRAM USAGE BELO»). 00024190
C FUN(G)s EXTERNAL DECLARED COMPLEX FUNCTION NAME (USER SUPPLIED) 00024200
C OF A REAL ARGUMENT G.GT.O, THIS REFERENCE MUST BE SUPPLIED00024210
C EVEN WHEN NEWxO, SINCE THE ADAPTIVE CONVOLUTION 00024220
C MAY NEED SOME DIRECT FUNCTION CALLS (E.G. IF TOL REDUCED).00024230
C IF PARAMETERS OTHER THAN G ARE REQUIRED IN FUN, USE COMMON00024240
C IN THE CALLING PROGRAM AND IN SUBPROGRAM FUN. BOTH 00024250
C REAL AND IMAGINARY PARTS OF THE COMPLEX FUNCTION FUN(G) 00024260
C MUST BE CONTINUOUS BOUNDED FUNCTIONS FOR G.GT.0.0. FOR A 00024270
C REAL FUNCTION FHG), FUNsCMPLX(Fl(G),0.0) MAY BE USED. 00024280
C TWO INDEPENDENT REAL-FUNCTIONS F1(G),F2CG) MAY BE 00024290
C INTEGRATED IN PARALLEL BY WRITING FUNaCMPLXCFl(G),F2(G)). 00024300
C TOL 3 REQUESTED REAL TRUNCATION TOLERANCE ACCEPTED AT THE FILTER00024310
C TAILS FOR ADAPTIVE FILTERING. A TRUNCATION CRITERION IS 00024320
C DEFINED DURING CONVOLUTION IN A FIXED ABSCISSA RANGE AS 00024330
C THE MAX, ABSOLUTE CONVOLVED PRODUCT TIMES TOL. TYPICALLY,00024340
C TOL.LE.0.00001 MOULD GIVE ABOUT .01 PER CENT ACCURACY 00024350
C FOR WELL-BEHAVED KERNELS AND MODERATE VALUES OF B. FOR 00024360
C VERY LARGE OR SMALL B, A VERY SMALL TOL SHOULD BE USED. 00024370
C IN GENERAL, DECREASING THE TOLERANCE WOULD PRODUCE HIGHER 00024380
C ACCURACY IN THE CONVOLUTION SINCE MORE FILTER WEIGHTS ARE 00024390
C USED (UNLESS EXPONENT UNDERFLOWS OCCUR IN THE KERNEL 00024400
C EVALUATION   SEE NOTE (1) BELOW). 00024410
C FOR MAXIMUM ACCURACY POSSIBLE, TOL«0.0 MAY BE USED. 00024420
C NF « TOTAL NUMBER OP DIRECT FUN CALLS USED DURING CONVOLUTION 00024430
C FOR ANY VALUE OP NEW (NF IS AN OUTPUT PARAMETER). 00024440
C NF IS IN THE RANGE 21.LE.NF.LE.283 WHEN NEWsi. USUALLY, 00024450
C NF IS MUCH LESS THAN 283 (OR 0) WHEN NEW30. 00024460
C NEW xl IS REQUIRED FOR THE VERY FIRST CALL TO ZHANKS, OR IF 00024470
C FORCING DIRECT FUNCTION FUN(G) CALLS, E.G., IF USING 00024480
C ZHANKS FOR UNRELATED KERNELS. 00024490
C NEW81 INITIALIZES COMMON/SAVE/PSAVE(283),GSAVE(283),NSAVE 00024500
C FOR NSAVE COMPLEX KERNEL VALUES IN FSAVE AND CORRESPONDING00024510
C REAL ARGUMENTS IN GSAVE FOR THE GIVEN PARAMETER B. 00024520
C NEW «0 TO USE RELATED KERNELS (MODIFIED BY USER) CURRENTLY STORED00024530
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IN COMMON/SAVE/. FUN IS CALLED ONLY IF REQUIRED
DUPING THE CONVOLUTION. ADDITIONAL FUNCTION VALUES *HEN
NEEDED ARE AUTOMATICALLY ADDED TO THE COMMON/SAVE/ BLOCK,

******* MOTE THAT IT IS THE USERS RESPONSIBILITY TO MODIFY THE 
COMMON FSAVEO VALUES FOR NEW = 0 CALLS, EXTERNALLY IN 
THE USERS CALLING PROGRAM (SEE SUBPROGRAM USAGE BELOta).

00024540
00024550
00024560
00024570
00024580
00024590
00024600
00024610

C333S3333S33333SSS38S3338S383333S3SSSS3333SS3SSS3SSSS33S883333SSSSSS33S800024620

C SUBPROGRAM USAGE  ZHANKS IS CALLED AS FOLLOWS 
C

COMPLEX Zl,Z2,ZHANKS,FSAVE
COMMON/5AVE/FSAVE(283),GSAVE(283),N5AVE
EXTERNAL ZF1,ZF2

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C
CS3333S3

C NOTES

ZlsZHANKS(Nl,8,ZFl,TOL,NFl,l)
DO 1 I=1,NSAV£

C MODIFY FSAVE IN COMMON/SAVE/ TO OBTAIN RELATED ZF2 FROM ZF1. 
C E.G. F5AVE(I)sG5AVE(I)*FSAVE(I)   FOR RELATION ZF2(G)sG*ZFl(G) 
1 CONTINUE
Z2sZHANKS(N2,B,ZF2,TOL,NF2,0)
    .
END

00024630
00024640
00024650
00024660
00024670
00024680
00024690
00024700
00024710
00024720
00024730
00024740
00024750
00024760
00024770
00024780
00024790
00024800
00024810
00024820

COMPLEX FUNCTION ZFHG)
...USER SUPPLIED CODE FOR DIRECT EVALUATION OF ZF1CG), G.GT.O.
END
COMPLEX FUNCTION ZF2CG)
...USER SUPPLIED CODE FOR DIRECT EVALUATION OF ZF2(G), G.GT.O.
END
833383333383833333333383333383388882833333883838333333338838=3883800024830

00024840
(1). EXP-UNDERFLO* MAY OCCUR IN EXECUTING THIS SUBPROGRAM. 00024850 

THIS IS OK PROVIDED THE MACHINE SYSTEM CONDITIONALLY SETS 00024860 
EXP-UNDERFLOW TO 0.0. 00024870

(2). ANSI FORTRAN (AMERICAN STANDARD X3.9-1966) IS USED, EXCEPT00024880 
DATA STATEMENTS MAY NEED TO BE CHANGED FOR SOME COMPILERS.00024890 
TO CONVERT ZHANKS TO THE NEW AMERICAN STANDARD FORTRAN 00024900 
(X3.9-1978), ADO THE FOLLOWING DECLARATION TO THIS ROUTINE00024910
SAVE Y1,ISAVE

(3). THE FILTER ABSCISSA CORRESPONDING TO EACH FILTER WEIGHT 
IS GENERATED IN DOUBLE-PRECISION (TO REDUCE ROUND-OFF), 
BUT IS USED IN SINGLE-PRECISION IN FUNCTION FUN.

(4). NO CHECKS ARE MADE ON CALLING PARAMETERS (TO SAVE TIME), 
HENCE UNPREDICTABLE RESULTS COULD OCCUR IF ZHANKS
is CALLED INCORRECTLY (OR ir FUN OR COMMON is IN ERROR).

C333333S333S3338S33S8333333333333SS3S33S33333333333833SS3:

C
SAVE Y1,ISAVC 
COMPLEX FUN,C,CMAX,FSAVE 
COMMON/SAVE/FSAVE(283),GSAVE(283),NSAVE 
DOUBLE PRECISION E,ER,Y1,Y 
DIMENSION T(2),TMAX(2)
DIMENSION MTO(283),UAO(76),UBO(76),MCO(76),WDO(55), 

* WTl(283),toAl(76),WBl(76),WCK76),WDl(55)

00024920 
00024930 
00024940 
00024950 
00024960 
00024970 
00024980 

===00024990 
00025000 
00025010 
00025020 
00025030 
00025040 
00025050 
00025060 
00025070

EQUIVALENCE CWTOC 1 ) , ) , (WTO(77) ,*BO( 1 ) ) , (WTO( 153) ,«CO( 1 ) ) , 00025080
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» CWTO(229),«OOCI)),(WTIC1),«A1C1)),<*T1(77),WB1(1)}, 
» <m(i53),*ClCi)),(WTiC229),WDiCl))
EQUIVALENCE CC.TC t ) ) , (CMAX,TMAX( 1 ) ) 

O   -E»0£XP(.2DO), ER«i.ODO/E
DATA E/i. 221402758160169834 DO/ ,ER/. 818730753077991 859 DO/ 

C  JO-TRANSFORM FILTER WEIGHT ARRAYS (EQUIVALENT TO WTO ARRAY) 
DATA UAOX
2.1969101E-U. 4.1201161E-09,«6.1322980E-09, 7.2479291E-09, 
'7.9821627E-09, 8.5778983E-09,-9. 1 157294E-09, 9.6615250E-09, 
1.0207546E-08, 1.0796633E-08,-! . 1393033E-08, 1 .2049873E-08,

-1.2708789E-08, 1 .3446466E-08,-! .4174300E-08 , 1 .5005577E-08 ,
-1.5807160C-08, 1 .6747136E-08,-! .7625961E-08, 1 .8693427E-08,
-1.9650840E-08, 2.0869789E-08.-2. 1903555E-08, 2. 3305308E-08 ,
-2.4407377E-08, 2.6033678E-08 ,-2. 7186773E-08, 2.9094334E-08 ,
-3.0266804E-08, 3.2534013E-08,-3.3672072E-08, 3.6408936E-08 ,
-3.742S022E-08. 4. 0787921 E-08 , -4 . 1 543242E-08 , 4.5756842E-08 ,
-4.6035233E-08, 5 . 1 425075E-08 , -5 .0893896E-08 , 5. 7934897E-08,
-S.6086570E-08, 6 . 5475248E-09 , -6 . 153991 3E-08 , 7.4301996E-08,
-6.7117043E-08, 8 . 4767837E-08 , -7 .2583 1 20E-08 , 9. 7366568E-08 ,
-7.7553611E-08, 1 . 1 279873E-07 ,-8. 1416723E-08 , 1 . 3206914E-07 ,
-8.3217217E-08, 1 .56631 95E-07 , -8 . 1 48258 IE-08 , 1 . 8860593E-07 ,
-7.3963141E-08, 2 . 3 109673E-07 , -5 . 7243707E-08 , 2. 8867452E-07 ,
-2.6163525E-08, 3 .680877 3E-07 , 2 . 704987 IE-08 , 4.7932617E-07 , 
1.1407365E-07, 6.3720626E-07 , 2 . 524 1 96 IE-07 , 8 . 6373487E-07 , 
4.6831433E-07, 1 . 191 6346E-06 , 8 .00997 1 6E-07 , 1 . 669601 5E-06 , 
1.3091334E-06, 2 . 370 1 475E-06 , 2.0803829E-06, 3. 4012978E-06/

DATA MBOX
3.2456774E-06, 4.9240402E-06. 5. 0005198E-06, 7 . 1783540E-06 , 
7.6367633E-06, 1 .0522038E-05, 1 . 1590021E-05, 1 . 5488635E-05 , 
1.7510398E-05, 2 . 2873836E-05 , 2. 6368006E-05, 3 . 3864387E-05 ,
3.9610390C-05, 
8.8951409E-05,

S.0230379E-05, 5 . 9397373E-05 , 7 . 46121 22E-05 , 
I . 1094809E-04, 1 . 3308026E-04, 1 . 65 1 1 335E-04 .

1.9895671E-04, 2.4587195E-04, 2.9728181E-04, 3.6629770E-04.
4.4402013E-04, 5.4589361E-04, 6.6298832E-04, 8.1375348E-04,
9.8971624E-04, 1.2132772E-03, 1.4772052E-03, .8092022E-03,
2.20451226-03, 2.6980811E-03, 3.2895354C-03, .0238764E-03,
4.9080203E-03, 6.0010999E-03, 7.3216878E-03, .9489225E-03,
1.0919448E-02, 1.33406966-02, 1.6276399E-02, .987331IE-02,
2.4233627C-02, 2.9555699E-02, 3.5990069E-02, .3791529E-02,
5.3150319E-02, 6.4341372E-02* 7.7506720C-02, .2749987E-02,
1.0980561E-01, 1.2791555E-01, 1.4525830E-01, .5820085E-01 ,
1.6058576E-01, 1.4196085E-01, 8.9781222E-02,- .0238278E-02,

 1.5083434E-Ol,«2.9059573E-Ol,-2.9l05437E-01,- .7973244E-02, 
3.8273717E-01, 2.2014118E-01,-4.7342635E-01, .9331133E-01,
5.3839527E-02,-1.1909845E-01, 9.9317051E-02,- .6152628E-02.
4.0703241C-02,-2.435§316E-02, 1.4476533E-02,- .6198067E-03/

DATA UCO/
5.1597053E-03,-3.1074602E-03, 1.9822342E-03,- .1456545E-03,
7.0004347E-04,-4.2904226E-04, 2.6354444E-04,- .6215439E-04,
9.9891279E-05.-6.1589037E-05, 3.7996921E-05,- .3452250E-05,
1.4479572E-05,-8.9417427E-06, 5.5227518E-06,- .4114252E-06,
2.1074101E-06,-1.3019229E-06, 8.0433617E-07,- .969368IE-07,
3.0702417E-07,-1.8969219E-07. 1.1720069E-07,- .2412496E-08,
4.4740283E-08,-2.7643004E-08, 1.7079403E-08,- .0552634E-08,
6.5200311£-09,-4.0284597E-09, 2.4890232E-09,- .5378695E-09,

00025090 
00025100 
00025110 
00025120 
00025130 
00025140 
00025150 
00025160 
00025170 
00025180 
00025190 
00025200 
00025210 
00025220 
00025230 
00025240 
00025250 
00025260 
00025270 
00025280 
00025290 
00025300 
00025310 
00025320 
00025330 
00025340 
00025350 
00025360 
00025370 
00025380 
00025390 
00025400 
00025410 
00025420 
00025430 
00025440 
00025450 
00025460 
00025470 
00025480 
00025490 
00025500 
00025510 
00025520 
00025530 
00025540 
00025550 
0002S560 
00025570 
00025580 
00025590 
00025600 
00025610 
00025620 
00025630
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9.5019040E-10,-5.8708696E-10,
1.3847792E-10,»8.5560821E-11,
2.0182948£-11,-1.2470979E-11,
2. 9415274E-1 2, -1.81 7008 IE-12,
4.2739744E-13,-2.6344388E-13,
6.04879»8E-14,-3.6973097E-14,
9.1574735E-15,-5.9567236E-15,
1.6406939E-15,-8.8248590E-16,

-8.0942556E-17,-3.7172363E-17,
4.6174116E-16,»5.8627358E-16,
1.0211793E-15.-1.0940039E-15,

DATA MOO/
7.4110927E-16,-4.1700094E-16,

-1.7838410E-16, 4. 8975421E- 1 7 ,
8.3280985E-16,-1.1544640E-15,
1. 7777 129E-15,-!. 7322 187E-15,
6. 97479106-16, -1.2088956E-16,

-1.5220450E-15, 1 .9541597E-15,
-3.5176475E-15, 4.2276125E-15 ,
-7.3949962E-15. 8.8597601E-15,
-1.3949870E-14, 1 . 5332490E-1 4 ,

3
5
7
1
1
2
3
3
1
7
1

8
1
1
1

-4
-2
-5
-1
-i

-1.4962523E-14, 1 . 2794804E-14 , -9
-4.0056107E-15, 1 . 5965079E-1 5 ,
-6.5679655E-16, 3 . 301 1 86bE-15 ,
-1.7947697E-14, 2.3774303E-14,
-5.5510504E-14, 9. 050537 IE-14,

C  END OF JO FILTER HEIGHTS
C
C  Jl-TRANSFORM FILTER WEIGHT ARRAYS

DATA WA1/

|

i

j
i

'
i

-4. 21297155-16, 5 . 366703 IE-15 ,
-1.0767891E-14, 1 .2362265E-14,
-1.1714302E-14, 8.4134738E-15,
6.1279163E-15,-9.1102765E-15,
8.6009018E-15,-8.9749846E-15,
1.9314024E-14,-2.3172388E-14,
2.5057768E-14,-2.2485539E-14,
1.1422464E-14,-7.9323958E-15,

-3.2177842E-17, 1 . 8637565E-15 ,

-7
-7
-3
-I

.6273937E-10

.2865474E-11

.7057678E-12

.1221034E-12

.6197105E-13

,
,
t
i

-2.
-3.
-4.
-6.
-9.

.2817964E-14,-!.

.9209969E-15 t

.0195409E-16,

.9299542E-16

.2227767E-16

.0789555E-15

.5977184E-17

.9398153E-16

.4401527E-15

.5247247E-15

.8382957E-16

.4107448E-15
 0977851E-15
.0515959E-14
.6146782E-14
.9286701E-15
.2732961E-18
.3545910E-15
.0279168E-14

t
t
t

t
t
i
,
t
,
t
i
t
9
,
t
t

-2.
2.

-3.
-8.
-9.

1.
-5.
-i,
-i,
1,
2.
6,
1,
1,
6,

-4
1,
3,

2412348E-10,
2664392E-11,
7611713E-12,
9271067E-13,
9147443E-14,
4315547E-14,
5911739E-15,
2622634E-17,
3388160E-16,
7972941E-16,
7089714E-16/

3396469E-16,
0046989E-16,
6637066E-15,
.1771155E-15,
0408292E-15,
.9241438E-15,
, 1428456E-15,
.2264584E-14,
.6084121E-14,
.8825809E-15,
.0433218E-16,
,2394851E-14,
.9252831E-14,

.7064873E-13/

(EQUIVALENT TO WT1 ARRAY)

-7
-1
-3
9
1
2
1
4

-3
-5.6209538E-15* 6 . 4 19284 IE-1 5, -6
-6.5355935E-15. 5.61 25163E-15,
-9.5104370E-16, 1 .4600474E-16,
5.0032100E-16, 4. 3752205E-1 6,
6.4004437E-15,-2.1926177E-1S«
1.8044664E-14, 1 . 0755745E-14 ,
5.8709354E-14, 8. 1475200E-14,
2.7641786E-13, 4 . 1330823E- 1 3 ,
1.3698462E-12, 2 . 0447427E-12 ,
6.7870250E-12, 1 . 0126237E-1 1 ,

DATA WB1/
3.3617368E-U, 5.0153839E-1 1 ,
1.6651222E-10, 2 . 4840923E-1 0 ,
8.2474468E-10, 1 . 2303750E-09 ,
4.0849867E-09, 6. 0940898E-09 ,
2.0233058E-08, 3 . 01 84244E-08 ,

-4
5
2
1
3
1
6
3
1

7
3
1
9
4

.1183962E-15

.3371129E-14

.7726725E-15

.9696405E-15

.1153987E-14

.5605477E-14

.9022752E-14

.8421406E-1S

.3683643E-15

.8959928E-15

.1453931E-1S

.6166519E-16

.1052293E-15
 1651003E-14
.0159022E-14
.2530006E-13
.1506209E-13
.0494477E-12
.5104976E-11

.4B18173E-11

.7058109E-10

.8355034E-09

.0913020E-09

.5029477E-08

i
f
t
t
t
t
t
f
t
i
t
t
f
t
t
t
t
t
t

i
t
i
t
i

8
1

-1
-9
-1
-2
-1
-2
4
6
2
a

-9
5
3
1
9
4
2

1
5
2
1
6

.9478500E-15,

.3284178E-14,

.4263879E-15,

.3649955E-15,

.4914821E-14,

.6217555E-14,

.5198084E-14,

.1875032E-15,

.6132219E-15,

.9895792E-15,

.6358827E-15,

.2899246E-17,

.5451973E-16,

.8415433E-16,

.3506138E-14,

.8519112E-13,

.1921659E-13,

.5501001E-12,

.2536053E-11/

.1161804E-10,

.5284353E-10,

.7382502E-09,

.3562651E-08,

.7176304E-08,

00025640
00025650
00025660
00025670
00025680
00025690
00025700
00025710
00025720
00025730
00025740
00025750
00025760
00025770
00025780
00025790
00025800
00025810
00025820
00025830
00025840
00025850
00025860
00025870
00025880
00025890
00025900
00025910
00025920
00025930
00025940
00025950
00025960
00025970
00025980
00025990
00026000
00026010
00026020
00026030
00026040
00026050
00026060
00026070
00026080
00026090
00026100
00026110
00026120
00026130
00026140
00026150
00026160
00026170
00026180



Program NLSTCI 
VAX Documentation

Page 81

f

i

11

1.0021488E-07,
4.9636623E-07,
2.4585014E-06,
1.2176782E-05,
6.0307294E-OS,
2.9860417E-04,
1.4767050E-03,
7.25968UE-03,
3.4655327E-02,
1.4207357E-01,
2.0334626E-01,

-1.8280529E-01,
2.4781735E-01,-

-2.2830217E-02,
DATA «C1/
-1.7488960E-02,
-9.61384366-03,
-5.3482055E-03.
-2.9883670E-03,
-1.6709583E-03,
-9.3441130E-04,
-5.2253532E-04,
-2.9220916E-04,
-1.6340753E-04,
-9.1379828E-05,
-5.11009056-05,
-2.8576356E-05,
-1.5980307E-05,
-8.9364160E-06,
-4.99737156-06,
-2.79460156-06,
-1.56278116-06,
-8.7392952E-07,
-4.8871388E-07,
DATA MD1/
-2.73295796-07,
-1.5283091E-07,
-8.5465227E-08,
-4.77933766-08,
-2.6726739E-08,
-1.494S974E-08,
-8. 35800236-09,
-4.67391S4E-09,
-2.6137226E-09,
-1.4616324E-09,
-8.1736202E-10,
-4.5707937E-10,
-2.5560176E-10,
-1.4294012E-10,

1.4950371E-07, 2.
7.4049804E-07, 1.
3.6677163E-06, 5.
1.8166179E-05, 2.
8.9971S08E-05, 1.
4.454S291E-04, 6.
2.2016806E-03, 3.
1.0788355E-02, 1.
S.0608141E-02, 7.
1.8821315E-01, 2.
6.066545|E-02,-2.
4.7014634E-01, 7.
1.1149185E-01, 2.
2.4644647E-02,-2.

1.5057670E-02,-!.
8.2952090E-03,-?.
4.6232056E-03,-3.
2.5840861E-03,-2.
1.4449655E-03,-!.
8.0803899E-04,-6.
4.5186652E-04,-3.
2.5269019E-04,-2.
1.4130796E-04,-!.
7.9021432E-05,-6.
4.4l899i4E-05,-3.
2.4711631E-05,-2.
1.3819097E-05,-!.
7.7278366E-06,-6.
4.32l5l67E-06,-3.
2.4166539E-06,-2.
1.3514274E-06,-!.
7.5573750E-07,-6.
4.226l921E-07,-3.

2.3633470E-07,-2.
1.3216174E-07,-!.
7.3906734E-08,-6.
4.1329702E-08,-3.
2.3112160E-08,-!.
1.2924650E-08,-!.
7.2276490E-09,-6.
4.0418061E-09,-3.
2.2602382E-09,-!.
i.2639577E-09,-l.
7.068l930E-10,-6.
3.9526267E-10,-3.
2.2103233E-10,-!.
1.2361991E-lO,-8.

2303208E-07,
1046805E-06,
4714550E-06,
7099223E-05,
3420195E-04,
6423156E-04,
2786147E-03,
5973323E-02,
2827752E-02,
2996815E-01,
0275683E-01,
2991233E-03,
5985386E-02,
2895284E-02,

2953923E-02,
1628361E-03,
9970542E-03,
2345429E-03,
2495400E-03,
9875784E-04,
9075515E-04,
18S1S85E-04,
2219719E-04,
8334412E-05,
8213580E-05,
1369S80E-05,
1950174E-05,
6827083E-06,
7370660E-06,
0898207E-06,
1686576E-06,
5353002E-07,
654633JE-07,

0437231E-07,
1428792E-07,
3911437E-08,
5740189E-08,
9986424E-08,
1176694E-08,
2501673E-09.
4951847E-09,
9545596E-09,
09301646-09,
1122713E-10,
4180569E-10,
9U3891E-10,
2740936E-11/

3.
1.
8.
4.
2.
9.
4.
2.
1.
2.

-3.
-3.
i.
2.

1.
6.
3.
1.
1.
6.
3.
1.
1.
5.
3.
1.

32726896-07,
6480103E-06,
1626422E-06,
0428804E-05,
0021123E-04,
9073275E-04,
8837292E-03,
3612041E-02,
0337889E-01,
S088500E-01,
5772336E-01,
0614594E-01,
0850279E-02,
0197032E-02/

11532S4E-02,
18829106-03,
4S60118E-03,
9323046E-03,
080S480E-03,
0425624E-04,
3790861E-04,
8896332E-04,
0567099E-04,
9092726E-OS,
304S496E-OS,
8479514E-05,

1.0334008E-OS,
5.
3.
1.
1.
5.
3.

1.
9.
5.
3.
1.
9.
5.
3.
i.
9.
S.
2.
1.

7789251E-06,
2316575E-06,
8071890E-06,
0106059E-06,
6514528E-07,
1603732E-07/

7673258E-07,
8831386E-06,
S267923E-08,
0906612E-08,
7283419E-08,
6651347E-09,
4048822E-09,
022489SE-09,
6902214E-09,
4519327E-10,
2856342E-10,
9557785E-10,
6528994E-10,

C  END OF Jl FILTER WEIGHTS
C

NONE«0
IF(NErf.EO.O) GO
NSAVE'O

TO 100

c   INITIALIZE KERNEL ABSCISSA GENERATION FOR GIVEN B

00026190 
00026200 
00026210 
00026220 
00026230 
00026240 
00026250 
00026260 
00026270 
00026280 
00026290 
00026300 
00026310 
00026320 
00026330 
00026340 
00026350 
00026360 
00026370 
U0026380 
00026390 
00026400 
00026410 
00026420 
00026430 
00026440 
00026450 
00026460 
00026470 
00026480 
00026490 
00026500 
00026510 
00026520 
00026530 
00026540 
00026550 
00026560 
00026570 
00026580 
00026590 
00026600 
00026610 
00026620 
00026630 
00026640 
00026650 
00026660 
00026670 
00026680 
00026690 
00026700 
00026710 
00026720 
00026730
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Y1»0.73588S2661479794460DO/DBLE(B) 
100 ZHANKSs(0. 0,0.0) 

CMAXs(0. 0,0.0) 
NFsO

  .  BEGIN RIGHT-SIDE CONVOLUTION AT "EIGHT 131 (EITHER NEMsl OR 0) 
ASSIGN 110 TO M 
13131 
Y=Y*E 
GO TO 200

110 TMAX(l)3AMAXKABS(T(l)),TMAX(l)) 
TMAX(2)sAMAXl(AB5CT(2)),TMAXC2))

C   -

120

130

C  --- 
140

190
 

  
200

210

220

240

YsY*E
IFd.LE.149) GO TO 200
IF(TMAX(1).EQ.O.O.ANO.TMAX(2).EQ.O.O) NONEsl

-ESTABLISH TRUNCATION CRITERION (CMAX«CMPLX(TMAX( 1 ) , TMAXC2) ) 
CMAX=TOL*CMAX 
ASSIGN 120 TO M 
GO TO 200
CHECK FOR FILTER TRUNCATION AT RIGHT END
IF(ABS(T(1)).LE.TMAX(1).AND.AB5(T(2)).LE.THAX(2)) GO TO 130 
1=1*1 
XsY*E
IFCI.LE.283) GO TO 200 
YsYl
CONTINUE WITH LEFT-SIDE CONVOLUTION AT WEIGHT 130 
ASSIGN 140 TO M 
1=130 
GO TO 200
CHECK FOR FILTER TRUNCATION AT LEFT END 
IF(ABS(T(1)).LE.TPAX(1).AND.ABS(TC2)).LE.TMAXC2).AND.
NONE.EQ.O) GO TO 190 

1=1-1
YSY*ER
IFCI.GT.O) GO TO 200
RETURN WITH ISAVE = 1 PRESET FOR POSSIBLE NEWsO USE.
iSAVEsl
NORMALIZE BY B TO ACCOUNT FOR INTEGRATION RANGE CHANGE
ZHANKSsZHANKS/B
RETURN
SAVE/RETRIEVE PSEUDO-SUBROUTINE (CALL FUN ONLY WHEN NECESSARY)
GsSNGL(Y)
IF(NEW) 300,210,300
IFUSAVE.GT.NSAVE) GO TO 300
ISAVEOsISAVE
IF(G.EQ.GSAVECISAVE)) GO TO 240
ISAVEsISAVE+1
IF(ISAVE.LE.NSAVE) GO TO 220
ISAVEsISAVEO
G NOT IN COMMON/SAVE/-   EVALUATE FUN.
GO TO 300
G FOUND IN COMMON/SAVE/    USE FSAVE AS GIVEN.
CsFSAVE(ISAVE)
ISAVEalSAVE+1

00026740
00026750
00026760
00026770
00026780
00026790
00026800
00026810
00026820
00026330
00026840
00026850
00026860
00026870
00026880
00026890
00026900
00026910
00026920
00026930
00026940
00026950
00026960
00026970
00026980
00026990
00027000
00027010
00027020
00027030
00027040
00027050
00027060
00027070
00027080
00027090
00027100
00027110
00027120
00027130
00027140
00027150
00027160
00027170
00027180
00027190
00027200
00027210
00027220
00027230
00027240
00027250
00027260
00027270
00027280



Program NLSTCI 
VAX Documentation

Page 83

C-

   SWITCH ON ORDER N 
250 IF(N) 270,260,270 
260 C«C»WTO(I)

GO TO 280 
270 CsC*«Tl(I) 
280 ZHANKSatZHANKS+C

GO TO M,(110,120,140)
  -DIRECT FUN EVALUATION (AND ADD TO END OF COMMON/SAVE/) 
300 NSAVE*NSAVE+1

C»FUN(G)
NFaNF+1
FSAVE(NSAVE)«C
GSAVE(NSAVE)«G
GO TO 250
END
REAL FUNCTION ASINH(X)

 INVERSE HYPERBOLIC SIN FUNCTION

REALM X2 
X2=X
ASINH»OLOGCX2*OSORT(X2*X2*1.0DO))
RETURN
END
FUNCTION ERFCX)

ERF COMPUTES THE ERROR FUNCTION TO ABOUT 7-PLACES. 
SEE MATH. OF COMP., V.22,N.101,JAN,1968. 
ALSO, SEC ERFINV(X).

DIMENSION A1(19),A2(19) 
DATA Al/. 70322500,. 33050152,

1 ,46775523E-l,.15398573E-i,.
2 .94490927E-4,. 94328 117E-5,.
3 ,14666061E-8,.42261614E-10,
4 .15334234E-1 5,. 12536751 E-l 7 
DATA A2/. 24725517,.! 442272 3,

1 .17243963E*l,.S0790696E*2,.
2 .210404S8E-4,.18206632E-5,.
3 .18084859E*9,.44696823E»11,
4 .10164928E*16,.710005E-19,0 
IF(X.EO.O.O) THEN

ERFaO.O
RETURN 

ENDIF
B*2.*X/5.
S*SIN(B)
CsCOS(B)

. 201 33975,. 10863025,
380l5077E-2,.697l8379E-3,
691 92752E-6, .I7225234E-7 ,
.88978652E-12,.13676044E-13,
,. 7451 7E-20/
,86989455£»l , .43977338E-1 ,
1108606SE»2,.l7822802E-3,
11533099E-6,.S3427503E-8,
.80606884E-13,.10601364E«14,
.0/

10

ALP»C2*C*1.
SUM»0.0
DO 10 N*l,19
SUM3SUM+(Al(N)*C2*A2(N))*AbP**(NM) 

CONTINUE
ERFsB/3.14159274-S»SUM 
RETURN

00027290
00027300
00027310
00027320
00027330
00027340
00027350
00027360
00027370
00027380
00027390
00027400
00027410
00027420
00027430
00027440
00027450
00027460
00027470
00027480
00027490
00027500
00027510
00027520
00027530
00027540
00027550
00027560
00027570
00027580
00027590
00027600
00027610
00027620
00027630
00027640
00027650
00027660
00027670
00027680
00027690
00027700
00027710
00027720
00027730
00027740
00027750
00027760
00027770
00027780
00027790
00027800
00027810
00027820
00027830
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END 00027840
FUNCTION ERFINVCY) 00027850

C 00027860
C ERFZNV COMPUTES THE INVERSE ERROR FUNCTION TO ABOUT 7-PLACES. 00027870
C SEE MATH. OF COMP., V.22,N.101,JAN,1968. 00027880
C ALSO. SEE ERFCX). 00027890
C 00027900

CHARACTERM6 XX 00027910
DIMENSION T3(l:38) r T4CO:26),T5(0:37),T6CO:2S) 00027920
DATA T3/.12046752,.16078199E-1,.26867044E-2,.49963473E-3, 00027930

1 ,98898219E-4,.20391813E-4,.43272716E-5,.93808141E-6, 00027940
2 .20673472E-6,.46159699E-7,.10416680E-7,.23715100£-8, 00027950
3 .54392841E-9,.12554899E-9,.29138180E-10..67949422£-11, 00027960
4 .15912343E-11,.37402505E*12,.88208776E-13,.20865090E-13, 00027970
5 ,49488041E-14,.11766395E-14,.28038557E-15,.66950664E-16, 00027980
6 .16016550E-16,.38382583E-17,.9212851E-18,.2214615E-18, 00027990
7 ,533091E-19,.128488E-19,.31006E-20,.7491E-21,.1812E-21, 00028000
8 ,439E-22,.106E-22,.26E-23,.6E-24,.2E-24/ 00028010
DATA T4/.91215880,-.16266282E-1,.43355647E-3,.21443857E-3. 00028020

1 .2625751IE-5,-.3021091IE-5,-.12406061E-7,.62406609E-7, 00028030
2 -.54012479E-9,-.l4232079E-8,.34384028£-lO,.33584870E-10, 00028040
3 -.14584289E-11,-.81021743E-12,.52532409E-13,.19711541E-13, 00028050
4  .17494334E-14,-.48005966E-15,.55730299E-16,.H632605E-16, 00028060
5 -.17262489E-17,-.2784973E-18,.524481E-19,.65270E-20, 00028070
6 -,15707E-20,-.1475E-21,.450E-22/ 00028080
DATA T5/.95667971,-.23107004E-l,-.43742361E-2,-.57650342E-3, 00028090

1 -,10961022E-4,.25l08547E-4,.10562336E-4,.27544123E-5, 00028100
2 .43248450E-6,-.20530336E-7,-.43891537E-7,-.17684010E-7, 00028110
3 -,39912890E-8,-.18693241E-9,.27292274E-9,.13281721E-9, 00028120
4 .31834248E-10,.16700608E-11,-.20364650E-11,-.9648468IE-12, 00028130
5 -.21956727E*12,-.9S689813E-14,.13703257E-13,.62538505E-14, 00028140
6 .14584615E-14,.10781240E-15,-.70922999E-16,-.39141178E-16, 00028150
7 -.11165921E«16,-.15770366E-17,.2853149E-18 f .2716662E-18, 00028160
8 .957770£-19,.176835E-19,-.9828E-21,-.20464E-20,-.802E-21, 00028170
9 -.1650E-21/ 00028180
DATA T6/.98857506,.10857705E-1,-.17511651E-2,.21196993E-4, 00028190

1 .1566487lE-4,-.51904169E-5,-.37135790E-7,.12174309E-8, 00028200
2 -.17681155E«9,-.11937218E-10,.38025054E-12,-.66018832E-13, 00028210
3 -.87917055E-14,-.35068693E-15,-.69722150E-16,-.10956794E-16, 00028220
4 -.11536390E-17,-.1326235E-18,-.263938E-19,.5341E-21, 00028230
5 -.2261E-20,.9552E-21,-.525E-21,.2487E-21,-.1134E-21,.42E-22/ 00028240
X=Y 00028250
XlaABSCX) 00028260
IF(Xl.GE.l.O) THEN 00028270
ENCODEC16,1,XX) XI 00028280

1 FORMATCE16.8) 00028290
IFCX1.GT.1.00000DCALL ERRMSGC'ABS(X)«*//XX// 00028300

1 '>1.000001 IN CERFINV]',0,6,0) 00028310
CALL WARN('ABS(X)s'//XX// 00028320

2 ' >«1.0 IN CERFINV]; Xs0.9999998*SIGN(l.,X) USED.',0,6,0,*2) 00028330
2 X«0.9999998*SIGN(1.,X) 00028340

ENOIF 00028350
X1»1.-X 00028360
IFCX.GE.0.8.AND.X.LE.0.9975) THEN 00028370

BETAsSQRT(*ALQG(l.*X*X)) 00028380
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RsO.O
00 10 N«0,26 

10 R=R+T4<N)«TCHEB(N,-1.548ei304*BETA+2.5654901)
ERFINVaBETA»R

ELSE IFCX1.GE.5E-16.AND.X1.LE.25E-4) THEN 
BeTAaSORT(-ALOGU.-X*X)) 
RaO.O
00 20 N*0,37 

20 RsR4T5(ll)*TCHEB(N,-.55945763«BETA-».2. 2879157)
ERFINV3B£TA*R 

ELSE ZF(X1.LT.5E-16) THEN 
B£TAaSQRT(*ALOG(1.-X«X)) 
SBETAaSORT(BETA) 
RsO.O
00 30 NsO,2S 

30 R3R*T6(N)*TCHEB(N,*9.1999924/SBETA*2.7949908)
ERFlNVsBETA«R 

ELSE 
R»0.0
Asx*X/.32-l. 
DO 40 Nal,38

40 R3R+T3(N)*TCHEB(N,A) 
EHFINVSXM.99288538+R) 

ENOIF 
RETURN 
END
INTEGER FUNCTZON LOCCI,J)

C GETS ACTUAL ADOR OF A(I,J)=ACJ,I) SYMMETRIC MATRIX 
C STORED AS THE VECTOR ACLOCCI.J)) OF N*(N^l)/2 ELEMENTS  
C toHERE ANY X,J.L£.N MAY BE USED (N NOT EXPLICITLY NEEDED)... 
C

IF(I-J) 10,20,20 
10 LOC3l*CJ*J-J)/2

RETURN
20 LOC3J*(I*I-I)/2 

RETURN 
END
SUBROUTINE NL2SOLCN, P, X, CALCR, CALCJ, IV, 

1 UFPARM)
V, UIPARM, URPARM,

C** VAX-11/780 VERSION U2/18/80) MODIFIED BY
C** W.L.ANDERSON, U.S.GEOLOGICAL SURVEY, DENVER, COLORADO.

Stsss Because of the length of NL2SOL and related subprograms, the rest 
of the listing has been suppressed; however, the complete code is 
available on the distributed tape.

00028390 
00028400 
00028410 
00028420 
00028430 
00028440 
00028450 
00028460 
00028470 
00028480 
00028490 
00028500 
00028510 
00028520 
00028530 
00028540 
00028550 
00028560 
00028570 
00028580 
00028590 
00028600 
00028610 
00028620 
00028630 
00028640 
00028650 
00028660 
00028670 
00028680 
00028690 
00028700 
00028710 
00028720 
00028730 
00028740 
00028750 
00028760 
00028770 
00028780 
0002B790


